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THE APPLICABILITY OF ACCUMULATED DEGREE-DAY CALCULATIONS 
ON ENCLOSED REMAINS IN A LOTIC AQUATIC ENVIRONMENT  
 
SALLY CLARE STARK 
ABSTRACT 
This study examined the differences in decomposition rates and the resulting 
postmortem submergence interval (PMSI) of stillborn pigs and decapitated adult pig 
heads enclosed in plastic trash bags.  Sixteen neonate pigs were divided into two variable 
categories: exposed and submerged in water, enclosed in a plastic trash bag and 
submerged in water.  Upon recovery, each sample was assigned a Total Body Score.  
Eighteen decapitated adult pig heads were divided into two variable categories: nine 
heads were enclosed in plastic trash bags, and nine heads left exposed in the water.  
Twelve decapitated pig heads were divided into two terrestrial variable categories: six 
heads were enclosed in plastic trash bags and allowed to decompose on land, and six 
heads were left exposed on land.  Accumulated degree-days (ADD) were calculated 
following the scoring guides provided in Moffatt et al. (2016), Megyesi et al. (2005) and 
Heaton et al. (2010).  These guides were used to create a baseline decomposition rate 
established from the control groups decay rate.  This baseline in the decomposition rate 
was then used to establish a measurable difference between exposed and enclosed 
samples.  It was hypothesized that head samples submerged (enclosed/exposed) would 
decompose slower than the terrestrial samples (enclosed/exposed).  It was further 
hypothesized that all enclosed/submerged samples would decompose slower than the 
vii 
exposed/terrestrial remains.  A univariate analysis of variance (ANOVA) test found no 
statistically significant interactions between submerged, enclosed or exposed remains, 
indicating that the enclosure of remains in a plastic trash bag, and subsequent 
submergence or not did not affect the decomposition rate of either sample.  An additional 
ANOVA found statistically significant differences between the rate of neonate sample 
decomposition and adult head sample decomposition.  Paired sample t-tests produced 
statistically significant results that indicate the inaccuracy of the ADD calculation 
methods developed by Megyesi et al. (2005) and Heaton et al. (2010) to neonate-sized 
remains, decapitated heads, submerged enclosed/exposed samples or terrestrial 
enclosed/exposed samples. 
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INTRODUCTION 
Often one of the primary questions that law enforcement asks a forensic 
anthropologist is how long the victim has been deceased and how long the remains have 
been present at the scene.  In order to answer this question, the forensic anthropologist 
employs various techniques to estimate the postmortem interval (PMI), or the length of 
time since death.  Establishing a concise PMI may allow law enforcement to narrow 
down or expand the list of potential decedent identities, and /or to refute or corroborate a 
suspect’s alibi.  The methods employed by the forensic anthropologist to estimate the 
PMI of a set of remains are of paramount importance and must be thoroughly tested and 
reliable, as the method may be challenged in court with substantial legal ramifications 
(Christensen 2004; Christensen and Crowder 2009).  
 
Postmortem Interval Estimation 
Necrology studies, observing the initial changes after death and the 
decomposition of the organic soft tissue (Behrensmeyer and Kidwell 1985), are 
commonly used to develop and refine PMI estimation methods.  Specifically, terrestrial 
decomposition studies are the most prevalent among forensic research, and the process of 
how complete, adult-sized remains decompose in various warm-weather terrestrial 
environments is relatively well understood.  However, there are specific areas of 
decomposition research that have been under-studied: cold weather/freshwater 
decomposition studies are few in number in comparison to warm-weather freshwater or 
marine studies.  Studies examining neonate-sized remains and adult-sized severed head 
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are also limited (Morton and Lord 2002; Scholl and Moffatt 2017), and remains enclosed 
in plastic bags are far fewer than remains found exposed studies.  Even fewer studies 
have been published on the accuracy of the use of Accumulated Degree-Days when 
applied to these specific decomposition circumstances (Wescott et al. 2018).  Despite the 
plethora of research on human decomposition, there is a lack of fundamental 
understanding of how remains decompose in water (Merritt and Wallace 2010).  This is 
problematic in forensic anthropology, as there is a growing need for specific 
decomposition studies as criminals continue to find unique methods of corpse 
concealment in various environments.   
 
Decomposition in Aquatic Environments 
The earth is covered by 71% water (Perlman 2016), and 1% of that water is 
contained within inland habitats such as lakes, streams, ponds and rivers (Thorp and 
Rogers 2011) therefore, water is one of the most readily accessible environments in 
which criminals often conceal human remains (Congram 2014).  Not all remains found in 
water are homicide victims; the Center for Disease Control and Prevention reports that 
more than forty people globally die from drowning every hour of every day, many of 
whom will require examination by a forensic anthropologist for identification.  It is also 
reported that drowning is a top ten leading cause of death of children in every region of 
the world (CDC 2016).  Consequently, the need for a thorough understanding of the 
decomposition of submerged humans remains goes beyond homicide investigations.  
While not every water death will result in a decomposed corpse, there are many bodies 
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decomposing in aquatic environments, which means that there is clearly a need for a 
comprehensive understanding of how water effects decomposition.   
Forensic research studies focusing on the decomposition of human remains in 
water use the process of how bodies decompose on land as a framework for comparison.  
Land decomposition is relatively well understood after decades of research across 
multiple environments.  Recently, there has been a shift in the research to address the 
differences between terrestrial decomposition and freshwater aquatic decomposition 
(Donno et al. 2014; Heaton et al. 2010; Humphreys et al. 2013; Pakosh and Rogers 
2009).  A set of remains found on land will have the postmortem interval estimated, 
indicating how long the remains have been deceased and/or present at the site of 
discovery.  A set of remains found in/under water will have its postmortem submergence 
interval (PMSI) estimated, indicating the amount of time the remains have been in the 
water.  The postmortem submergence interval is one of the most important aspects of 
aquatic forensic cases (Kahana et al. 1999).  One quantifiable approach for assessing the 
PMSI of remains found in water is to use Accumulated Degree-Days (ADD) method 
(Donno et al. 2014; Heaton et al. 2010; Humphreys et al. 2013; Megyesi et al. 2005).  
ADD are the cumulative representation of the temperature degrees needed to produce the 
decomposition progress of the head/neck, trunk and limbs.  This method was first applied 
to remains decomposing on land (Megyesi et al. 2005) and was then modified by Heaton 
et al. (2010) and Humphreys et al. (2013) so that the ADD system could be applied to 
remains found in water.  While the use of the ADD system has been accepted as one of 
the few methods that takes qualitative data (decomposition) and manipulates it into 
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quantitative data (ADD calculation) used to estimate the PMI, the method requires further 
research to develop location/climate specific formulae (Wescott et al. 2018).   
Recent studies have found that the use of the ADD method for estimating the PMI 
is largely inaccurate (Wescott et al. 2018).  The PMI is often underestimated using the 
ADD method, and the accuracy of the regression equation of the Megyesi et al. (2005) 
TBS system, designed for humans, does not provide accurate PMI estimates in different 
locations (Wescott et al. 2018).  Other studies have found that the scoring system is 
easily understood, with good scoring consistency (Dabbs et al. 2016).  While the scoring 
system may be reliable, the regression equation does not meet the expectations outlined 
by Daubert standards (Daubert v. Merrell Dow Pharmaceuticals, Inc.).  The present 
study addresses the problem of the inaccuracy of the ADD estimation.  The samples in 
the present study had a known date of placement with recorded hourly temperatures over 
the course of the study.  The known ADD were then compared to the calculated ADD to 
show the differences between the known and the estimated PMI.  Since there have been 
limited studies verifying the usefulness and accuracy of the ADD method for estimating 
the PMI, this present study contributes to the growing body of research that is testing 
specific environments and variable samples to confirm/refute the application of the ADD 
calculation method.  Specifically, this present research examined the application of the 
ADD calculation method to neonate-sized remains and isolated heads of adult human-
size, on land and in water, enclosed in plastic trash bags and exposed.   
Despite its drawbacks, the ADD method has been applied to the research of 
decomposition in an aquatic environment.  Creation of standardized decomposition 
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scoring descriptions for aquatic environments is challenging; part of the difficulty in 
assessing the PMSI is that each environment in which a body is found presents its own 
unique set of factors that influence the PSMI assessment (Heaton et al. 2010; Rodriguez 
and Bass 1983, Ubelaker and Zarenko 2011).  Aquatic factors include saltwater or 
freshwater, lentic (stagnant) or lotic (flowing) water, the presence of invertebrate or 
vertebrate aquatic scavengers, water temperature, and the depth of the water.  These 
variables will affect how the remains decompose, and thus the accuracy of the PMSI 
estimate (Anderson and Bell 2014; Boyle et al. 1997; Heaton et al. 2010; Hobischak and 
Anderson 2002; Humphreys et al. 2013; Kahana et al. 1999; Keiper et al. 1997; Mateus 
and Vieira 2014; Megyesi et al. 2005; Merritt and Wallace 2009; Pakosh and Rogers 
2009; Scholl and Moffatt 2017).  Therefore, one of the most common environments on 
earth is the most difficult to understand (Heaton et al. 2010).   
Multiple studies have focused on decomposition of human and animal remains in 
marine environments (Anderson 2008; Anderson and Bell 2014; Anderson and Bell 
2016; Anderson and Hobischak 2002; Anderson and Hobischak 2004; Boyle et al. 1997; 
Cotton et al. 1987; Dumser and Turkay 2008; Ebbesmeyer and Haglund 2002; Haglund 
and Sorg 2002; Kahana et al. 1999; London et al. 1997; Sorg et al. 1997); however, the 
literature on freshwater decomposition has been significantly less researched.   
 
Decomposition of Enclosed Remains 
The enclosure of remains in a plastic trash bag, or other relatively impermeable 
covering, both in aquatic and terrestrial environments, is another category of 
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decomposition that requires more research.  Enclosing remains produced a unique 
environment with additional variables, which must be understood to provide an accurate 
PMSI estimation (Ahmand et al. 2011; Goff 1992; Pakosh and Rogers 2009; Scholl and 
Moffatt 2017; Zugibe and Costello 1993).  Komar (2003) reported that out of 598 
forensic anthropology cases examined between 1974 and 2000 at the New Mexico Office 
of the Medical Investigator, 44 individuals (7.9%) were found in water.  Additionally, 
sixteen individuals from unreported proveniences (land or water) were found wrapped in 
plastic.  However, 339 (56.7%) of the cases had no information about the associated 
covering of the individuals; therefore, the number of individuals found in plastic bags 
was underreported.  In the almost two decades since these cases, the amount of reported 
cases involving human remains disposed of in plastic bags has increased.  There have 
been several homicide cases reported where human remains have been found in water 
concealed via enclosure in plastic bags (Olumhense 2017; Sanchez and Shortell 2015; 
Smothers 2005).  A large number of body disposals take place in enclosed environments, 
and specifically in plastic bags (Scholl and Moffatt 2017), as these are easily accessible 
and inconspicuous when purchased.  Many news reports of human remains found in 
plastic bags are available, indicating there is a need for necrology studies on remains 
enclosed in plastic and disposed of in water and on land.  The present study focuses 
primarily on the identification of the postmortem interval of remains, simulating 
homicide victims, who have been disposed of in a freshwater environment or on land 
while enclosed in a plastic trash bag.   
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Enclosing the remains acts as a barrier from insects, which have the greatest 
influence on the rate of decomposition (Simmons et al. 2010).  Any insects that may find 
their way into the plastic bag face difficulty in rapidly reproducing due to the relatively 
anaerobic conditions (Haskell et al. 1989; Scholl and Moffatt 2017).  Scholl and Moffat 
(2017) determined that enclosing remains in a plastic bag created a moist enough 
environment that the scoring guide developed by Megyesi et al. (2005) cannot be 
accurately applied, and thus the scoring guide for submerged remains provided by Heaton 
et al. (2010) should be utilized.  The remains are enclosed twofold; first, the remains are 
encased in a plastic bag, protecting them from insects and scavengers, and potentially 
from vertebrate scavengers.  Second, the remains are submerged in water, which offers 
protection from the daily temperature changes, as water temperatures stay more constant 
than the ambient temperature (Humphreys et al. 2013). 
 
Decomposition Models 
One of the limitations of decomposition studies is the limited access to human 
cadavers as research samples.  Human samples are the preferred models; however, when 
not accessible (as is often the case with human subadult cadavers) or permissible, animal 
samples have been successfully substituted for adult and subadult decomposition studies 
(Anderson 2008; Barrios and Wolff 2011; Haefner et al. 2004; Humphreys et al. 2013; 
Notter et al. 2009; Roberts and Dabbs 2015; Ross and Hare 2018; Scholl and Moffatt 
2017).  Various studies have used porcine models as analogs of human decomposition in 
different environments.  There have been studies of porcine decomposition rates in the 
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freshwater Great Lakes (Pakosh and Rogers 2009), porcine decomposition in a marine 
environment in the Saanich Inlet of British Columbia (Anderson and Bell 2014) and 
porcine decomposition in brackish ponds of Delaware (Zimmerman et al. 2008).  The use 
of the porcine model as an analog for human decomposition has been studied (Anderson 
and Bell 2014; Humphrey et al. 2013; Notter et al. 2009; Roberts and Dabbs 2015) and 
accepted as the closest analog if human cadavers are not an option.  
Stillborn neonate pigs (Sus scrofa) were utilized in the present study as analogs to 
neonate-sized human remains.  Often neonates are the victims of homicide, and the 
concealment and disposal of the remains creates a pattern of decomposition different 
from adults (Lewis and Rutty 2003; Ross and Hare 2018; Shannon et al. 2013) and from 
exposed remains (Guy et al. 1997).  Shannon et al. (2013) found that when using smaller 
pigs for decomposition research, samples weighing between 3-35 kilograms decompose 
at a rate 2.82 times faster than larger samples.  Their data show that there is a clear 
difference between how adults decompose and how neonates decompose.  Further, Ross 
and Hale (2018) state that there is a lack of data on decomposition and weathering 
patterns for juvenile and infant remains.  The authors also state that there is a lack of 
comparative juvenile decomposition studies with enclosed contexts, such as plastic bags 
and blankets.  
Another unique forensic scenario is the discovery of a severed head found isolated 
or with other dismembered body parts.  Dismemberment and decapitation are a common 
method of concealing and disposing of a body (Kojima et al. 1992; Konopka et al. 2007; 
Scholl and Moffatt 2017).  Attempting to establish a PMI/PMSI of a severed head is 
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difficult as once the head is removed from the body and placed in a plastic bag, the 
decomposition process will slow down (Scholl and Moffatt 2017).  Several publications 
examine decapitation; Porta et al. (2016) documented the stage of decomposition and 
associated trauma of severed heads from forensic cases, while Scholl and Moffatt (2017) 
attempted to implement methods for assessing the decomposition rate by providing a 
scaled timeframe based on the stage of the decomposition.  Simmons and Walker (2010) 
examined the decomposition rate decapitated heads and heads attached to bodies.  Other 
studies have simply document the calculated PMI and compare it with the actual PMI to 
discuss potential explanations for the difference (Kojima et al. 1992) or have complied 
case reports of dismemberments and decapitations (Konopka et al. 2007).   
The primary objective of the present study was to test the application of the ADD 
method on neonate-sized stillborn pigs, and adult-sized severed pig heads enclosed in 
plastic bags and submerged in freshwater to identify the differences between the known 
PMI/PMSI and the estimated PMI/PMSI, as well as to provide modified descriptions of 
the decomposition stages originally developed by Megyesi et al. (2005) and Heaton et al. 
(2010).  The secondary objective was to identify the difference between decomposition 
rates of samples enclosed in a plastic bag, and samples exposed, both on land and 
submerged in water.  The purpose was to provide a preliminary understanding of the 
effects of enclosing remains on decomposition when remains are submerged in water, 
and left on land.   
Based on previous research, the following hypotheses were tested: for the 
enclosed/submerged neonate samples, the calculated ADD would not equal the known 
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ADD, due to the plastic trash bag slowing the rate of decomposition and producing an 
underestimated ADD.  For the exposed/submerged neonate samples, the calculated ADD 
would be the same as the known ADD, because the remains were not enclosed, thus 
allowing decomposition to occur at the expected rate.  The head samples 
enclosed/submerged would have a different ADD than the known ADD, due to the plastic 
bag slowing the rate of decomposition and producing an underestimated ADD.  The head 
samples exposed/submerged would have a calculated ADD equal to the known ADD, 
because the samples were not enclosed and thus allowed to decompose at the expect rate.  
The head samples enclosed on land would have a calculated ADD unequal to the known 
ADD because enclosing the remains will slow down decomposition, thus creating an 
underestimated ADD.  The head samples exposed on land would have a calculated ADD 
equal to the known ADD, because they were not enclosed and thus decomposed at the 
expected rate.  
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PREVIOUS RESEARCH 
Terrestrial Decomposition: Accumulated Degree-Days 
The PMI for terrestrial decomposition is often estimated using the ADD method, 
as defined by Megyesi et al. (2005).  The ADD total is calculated from a linear regression 
formula, using the numeric values provided by the Total Body Score (TBS).The TBS is 
an assessment of three regions of the body (head and neck, trunk, and limbs) based on the 
observable stage of decomposition (fresh, early decomposition, advanced decomposition, 
skeletonization).  Each stage has corresponding point values (Fresh=1pt, Early 
decomposition =2-6pts, Advanced decomposition= 7-9 points and Skeletonization=10-13 
pts) (following the original Megyesi et al. 2005 point system) based on which description 
of the decomposition closely matches the set of remains.  These scores are then added 
together to produce the Total Body Score (TBS).  The TBS is then entered into the 
regression formula 10(0.002*TBS*TBS+1.81) ± 388.16 = ADD.  The result is the ADD, or the 
numerical representation of the total thermal energy units needed to have decomposed the 
remains to their current stage.  The ADD can then be used to work backwards from the 
day the remains were discovered.  Using uncorrected National Weather Service 
temperature data (Dabbs et al. 2015), the daily high and low are averaged.  Starting on 
the day of discovery and working backwards, each day’s average temperature is added 
until the ADD reached, thus producing an estimate of the day that the body was disposed 
of (Megyesi et al. 2005). 
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ADD Modifications and Variations 
The disadvantages of this method are the strict parameters into which each body 
must fit.  The body must be of adult-size and exposed; it cannot be enclosed in anything 
that would create a barrier from arthropods or other natural processes (Heaton et al. 2010; 
Megyesi et al. 2005; Scholl and Moffatt 2017).  This method was designed based on 
human remains found in outdoor and indoor settings, with the developed formula 
intended for remains in terrestrial environments.  In addition to these limitations, the 
Megyesi et al. (2005) ADD method contained errors that have been examined and 
addressed by Moffat et al. (2016).  Moffatt et al. (2016) conducted a validation study of 
the Megyesi et al. (2005) research and found errors in the statistical equations and data 
points included in the analysis.  Moffatt et al. (2016) stated that any data points using 
entomologically derived PMI assessments should be excluded due to their inaccuracy.  
The degree units (Fahrenheit and Celsius) were used interchangeably by Megyesi et al. 
(2005), yielding inaccurate ADD ranges and PMI ranges.  To correct this, Moffatt et al. 
(2016) modified the original data set and processed it with different statistical models, 
producing a new linear regression formula, which has accurate and consistent confidence 
intervals.  The modified formula is TBSSurf
1.6
 = 125 X log10 ADD   212).  For the present 
research, the modified scoring system and formula developed by Moffatt et al. (2016) 
were used in combination with the original Megyesi et al. (2005) visual decomposition 
descriptions.   
Other studies have tested the ADD method, examining its reliability, applicability 
and accuracy.  Wescott et al. (2018) examined 28 human cadavers across three 
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decomposition facilities across the United States (the Applied Anatomical Research 
Facility, Huntsville, TX; the Forensic Anthropology Research Facility, San Marcos, TX; 
and the Anthropological Research Facility, Knoxville, TN).  Cadavers were placed in 
April, June, October and January, underneath metal cages to allow insect activity but to 
prevent large scavengers.  Half of the samples were placed in shade, while half were 
placed in sunlight.  The bodies were allowed to decompose, and the decomposition stage 
was recorded at 100, 300, 500 and 1000 ADD.  They found that the accuracy of the 
Megyesi et al. (2005) TBS regression formula used to produce the ADD estimate did not 
correlate well with the actual ADD.  The ADD were overestimated in the sun subjects 
and underestimated in the shade subjects.  It was determined that the decomposition 
scoring system had difficulty with adequately representing the late stages of 
decomposition, and the regression equation did not produce consistent or accurate results 
across the variable environments.   
Overall, it was found that the Megyesi et al. (2005) TBS scoring system and 
descriptions are reliable, with different observers scoring the decomposition consistently; 
however, the Megyesi et al. (2005) TBS equation had poor accuracy with higher error 
rates as decomposition progressed.  Other studies (Dabbs et al. 2016; Nawrocka et al. 
2016) have also found similar results: the method provided by Megyesi et al. (2005) is 
easy for forensic anthropologist with and without training to use; however, the actual 
regression formula does not provide an accurate PMI estimation.   
The Megyesi et al. (2005) method is also not applicable to remains found in 
aquatic environments.  Heaton et al. (2010) created a modified version of the Megyesi et 
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al. (2005) regression formula to calculate the PMSI: ADD = 10 ([TADS + 3.706] / 
7.778).  The new visual scoring system, Total Aquatic Decomposition Score (TADS), 
was modified to accommodate remains in aquatic environments (Heaton et al. 2010).  
This scoring method awards points for each stage of decomposition in three body regions 
(face, torso, or limbs), based on the provided descriptions of the decomposition (slight 
color changes, bloating, skin and hair slippage, bone exposure, cranium exposure and 
adipocere formation, complete skeletonization and disarticulation).  The points for each 
region are added together to produce the TADS, which is then entered into the new ADD 
formula.  The day of submersion is then calculated in the same manner that the PMI is 
calculated from the Megyesi et al. (2005) method; working backwards from the day of 
discovery and adding the daily average temperature of the air (except in cases where the 
water temperature is known, then that temperature is used and not the ambient 
temperature) until the ADD is reached.  Overall, the PMSI is typically difficult to 
estimate, since there are many independent variables involved (Humphreys et al. 2013).   
The PMSI method modified by Heaton et al. (2010) was validated by Donno et al. 
(2014).  The study used 68 human cases that were discovered in water: 16 were 
floating/submerged in the Adriatic Sea, and 52 were victims of a shipwreck also in the 
Adriatic Sea.  The authors used the Heaton et al. (2010) TADS method to compare the 
presumptive PMSI with the calculated PMSI.  The results showed that the longer the 
PMSI, the less accurate the reconstruction of the temperature history and estimate are 
(Donno et al. 2014).  The study found that the TADS method of assessing the PMSI is 
“promising” (Donno et al. 2014: 445), but that there are drawbacks to the method when it 
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is applied to complex situations where the remains are in clothing, subjected to 
vertebrate/invertebrate animal scavenging, and having varying depths of submersion.   
Humphreys et al. (2013) also examined the Heaton et al. (2010) method and 
applied it to porcine models to examine if the human-based scoring would be accurate.  
Humphreys et al. (2013) used stillborn pigs with an average mass of 948.44 g.  They 
found that the scoring guides could be applied to smaller porcine models.  This suggests 
that the assessment of the PMSI of the stillborn pigs will be comparable to human 
infant/newborn decomposition, and the difference between the enclosed and exposed 
remains PMSI can be calculated.  They also concluded that an appropriate ADD and 
TAD equation should be developed in different aquatic environments, as factors such as 
the amount of light, water movement, and algal growth influence the rate of 
decomposition.  Each of these studies produced information that is location and 
seasonally specific, which is the best option for PMSI studies because there is no single 
best algorithm for PMI/PMSI estimation (Donno et al. 2014:445) that can be applied 
across all freshwater environments.   
 
Additional PMSI Estimation Methods  
Previous research conducted on the PMSI consist of case reports or 
decomposition studies with known PMSIs (Dix 1987; Donno et al. 2014; Haefner et al. 
2004; Heaton et al. 2010; Humphreys et al. 2013; Kahana et al. 1999; Mateus and Vieira 
2014; Megyesi et al. 2005; Pakosh and Rogers 2009; Petrik et al. 2004; Scholl and 
Moffatt 2017).  Dix (1986) examined four bodies found in various Missouri lakes and 
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with various amounts of adipocere formed on the bodies.  The PMSI was estimated for 
each set of remains based on the decomposition of the body and the amount of adipocere 
present.  It provided a generalization for the amount of time needed to produce different 
amount of adipocere, which can be useful for estimating the PMSI; however, there is no 
specific method or standardization of timeframes for the amount of decomposition and 
amount of adipocere.  Kahana et al. (1999) examined a series of bodies recovered from a 
shipwreck in the East China Sea over a period of fifteen months.  They examined the use 
of adipocere formation at recovery as an indication of the PMSI.  They found that 
adipocere forms under a specific temperature range (21oC-45oC) that allows for optimal 
bacterial growth. 
Adipocere formation is a variable associated with remains found in submerged, 
partially submerged, and damp environments (Kahana et al. 1999; O’Brien and Kuehner 
2007; Ubelaker and Zarenko 2011; Widya et al. 2012; Yan et al. 2001).  Adipocere can 
vary in texture and color, but most often, it is a white/yellow color, with a cheesy, friable, 
or soap-like crust (O’Brien and Kuehner 2007).  It is produced from the hydrolysis of the 
body’s adipose tissue and is characterized by a higher chemical concentration of palmitic 
acid and stearic acid and a lower concentration in oleic acid (Forbes et al. 2005).  The 
presence of adipocere is based on either chemical analysis or by visual observation 
(Forbes et al. 2005; Ubelaker and Zarenko 2011; Yan et al. 2001).  There has been much 
research about the set of circumstances where adipocere will develop (Forbes et al. 2005; 
Kahana et al. 1999; O’Brien and Kuehner 2007; Ubelaker and Zarenko 2011; Widya et 
al. 2012; Yan et al. 2001).  Variables such as water temperature, the chemical 
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composition of the water (chlorinated, distilled, marine or brackish) (O’Brien and 
Kuehner 2007), the movement of the water, the percentage of the remains that are 
exposed to the surface and air, the length of submersion, temperature at time of 
submergence, percent body fat, and any decomposition occurring prior to submergence 
will alter the rate of adipocere formation (Cotton et al. 1987; Dix 1987; Forbes et al. 
2005; Kahana et al. 1999; O’Brien and Kuehner 2007 Pakosh and Rogers 2009; Ubelaker 
and Zarenko 2011; Widya et al. 2012; Yan et al. 2001). 
 
Enclosed Remains 
 Klotzebach (2009) reported a case and subsequent experimental analysis of the 
remains of a ten-year-old child found enclosed in a plastic garbage bag, who had been 
missing for three months.  Klozbach (2009) found that the remains were in a stage of 
advanced decomposition with all of the soft tissue liquefied.  To confirm the possibility 
of the remains liquefying in three months without the use of chemical accelerants, 14 pig 
samples (20-30kg) were placed in plastic bags and left on the ground to decompose.  
Klotzebach (2009) found that enclosing remains in plastic bags produces liquefaction of 
the soft tissue without the addition of chemicals, such as quick lime.  The anaerobic 
condition created by the plastic bag promotes the development of anaerobic bacteria such 
as the species Clostridium, which secrete histolytic and ctyololytic enzymes that cause 
the fast rate of soft tissue liquefaction.  
Pakosh and Rogers (2009) examined the use of plastic bags as a method of body 
disposal and the effect that the bags have on submerged decomposition rates during the 
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summer months in Lake Ontario.  Their hypothesis was that the plastic bags would limit 
the exposure of bacteria and slow down the breakdown of the tissue, resulting in a high 
level of preservation.  Their sample consisted of 120 pig limbs that were wrapped in 
plastic polyethylene bags and submerged in Lake Ontario for 34 and 71 days.  The 
decomposition was scored using a modified system from Haglund’s (1993) publication.  
The scoring system was based on these criteria: 0 = all soft tissue complete; 1 = partial 
bone exposure due to the loss of overlying soft tissue in some areas; 2 = total bone 
exposure due to the loss of all overlying soft tissues with ligament attachments still in 
place; 3 = total bone exposure with complete destruction of ligament attachments (Pakosh 
and Rogers 2009).  They found the decomposition scores from the Haglund (1993) 
system were consistently higher in the non-enclosed samples, while the decomposition of 
all enclosed remains scored a zero, regardless of the submersion length.  This indicates 
that there is greater tissue preservation associated with the enclosure of remains.  
Additionally, adipocere rarely formed and showed no pattern between the non-enclosed 
and enclosed samples.   
Scholl and Moffatt (2017) examined the effect that different types of plastic bags 
have on the rate of dismembered remains.  The sample consisted of 34 pigs that were 
dismembered (head/neck, torso, limbs) and placed in standard heavy-duty plastic 
trashbags, or in a Gotcha! Repeller Bags©, which are marketed as plastic trashbags that 
use natural plant extracts to repel flies, wasps and other insects for up to 14 days. 
Additionally, there were ten whole-bodied pigs allowed to decompose un-enclosed, under 
scavenger-proof cages.  These samples were scored based on the Megyesi et al. (2005) 
19 
decomposition scoring system, realigned from zero (Moffatt et al. 2016).  The whole-
bodied pig samples were scored every 50 ADD until 750 ADD.  The dismembered 
samples were allowed to decompose for 47, 99, 130 and 743 ADD, with three bags 
opened, scored and discarded at each sampling interval.  The dismembered samples were 
scored using the Heaton et al. (2010) TADS scoring system, as Scholl and Moffatt (2017) 
found that the moisture content of the enclosed remains required an aquatic scoring 
system.  Their hypothesis was supported, as they found that the decomposition of remains 
in plastic bags was significantly slower than remains that were left exposed.  They also 
found the largest difference in the decomposition time between the enclosed heads and 
exposed heads, with the heads attached to whole pigs decomposing the fastest, and the 
heads in the trashbags decomposing the slowest.  Additionally, they found that neither the 
insect-repelling bags nor the standard trashbags prevented insects from accessing the 
remains.  They conclude that the use of the formulae (Heaton et al 2010; Megyesi et al. 
2005) for PMI estimation leads to an underestimation of the amount of time.  
Chui (2006) reported a case from Singapore where the remains of a child were 
found enclosed in nine layers of plastic bags, three weeks after the child was reported 
missing.  The enclosure in plastic bags led to the discovery of the body in a state of 
preservation higher than expected.  Bodies typically decompose quickly in hot, humid 
climates, with early putrefaction beginning within two or three days and reaching 
skeletonization in a week when the body is left exposed.  The remains had well-defined 
bruises and the internal organs were well preserved.  Signs of mummification developed 
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after completion of the autopsy.  The high level of preservation indicates that the 
enclosing of child-sized remains can produce a slower rate of decomposition.  
Manhein (1997) discussed five case studies from her work in Louisiana.  One of 
the bodies was found in a plastic bag with sufficient preservation that fingerprints were 
obtained five years postmortem.  Manhein stated that covering remains in plastic or other 
synthetic coverings significantly slows the decomposition process.  Manhein also 
reported on the results of a survey sent to practicing forensic anthropologists in the 
Physical Anthropology section of the American Academy of Forensic Sciences.  The 
survey responses indicated that enclosing remains in plastic was the most common form 
of corpse wrapping.  Of the eighty-seven cases, fifty-four bodies were wrapped up in 
various materials, with thirteen enclosed in plastic.   
Wrapping a corpse in plastic is not the only option available to criminals.  Ahmad 
et al. (2011) examined the effects of wrapping remains in empty rice sacks on 
decomposition of long-tailed macaques (Macaca fascicularis).  A sample of six 
macaques were placed in bags and allowed to decompose for 50 days.  The study focused 
primarily on the timing of insect arrival to determine if wrapping the samples would slow 
or deter insect attraction.  They found that the wrapping of the samples delayed the 
arrival of flies, particularly the most important groups (calliphorids and muscids) in 
forensic analysis, and acted as a barrier preventing the females from laying eggs in the 
corpse.  This slows down the decomposition process, as insects are one of the main 
catalysts of decomposition.   
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Goff (1992) examined the remains of a woman found wrapped in two blankets.  
Based on the temperature history and the stages of the insects present, the PMI was 
determined to be 10.5 days.  However, Goff (1992) noted that the wrapping of the 
remains in blankets delayed the insect activity.  To verify the estimated PMI, pig samples 
were wrapped in blankets in the same manner as the human corpse and allowed to 
decompose.  The blankets prevented the insects from laying eggs for 2.5 days.  This 2.5-
day delay was then added to the victim’s original estimated PMI, producing a final PMI 
estimation of 13 days.  Goff (1992) stressed the need for consideration of all 
circumstances (i.e., a body being wrapped up) before estimating the PMI.  
 
Decapitated Heads and Neonate-Sized Remains  
The decomposition of neonate-sized remains and decapitated heads is a specific 
niche of decomposition research.  Porter and Gavin (2010) studied neonaticide from 1990 
where 64% of corpses of newborns were found disposed of in garbage cans or other 
refuse sites, indicating that concealment via enclosure of remains is a common disposal 
method for neonates.  Not all forensic cases involving neonates are homicides; the 
concealment of the corpse of a stillborn infant also occurs.  The exact number of neonate 
homicides is unknown, because many women conceal their pregnancy; therefore, many 
neonates are not known to be missing or deceased (Porter and Gavin 2010).   
According to the 2016 National Vital Statistics Report, 23,161 deaths occurs of 
children less than one year of age, with neonate deaths (0-27 days old) accounted for 
3.87% of the deaths (Xu et al. 2016).  An unreported percentage of these deaths can be 
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attributed to homicide, or other manner resulting in the concealment of the neonate.  It is 
inferred from the report that forensic cases involving neonates is a likely occurrence for 
forensic anthropologist; therefore, there is a need for reliable, accurate methods for 
assessing the PMI/PMSI of neonates based on decomposition and subsequent ADD 
calculations.  
Kozawa et al. (2010) reported on the discovery of two frozen infants found within 
a home freezer.  A male and a female infant were concealed in a freezer, with the male 
infant wrapped in two layers of towels and vinyl bag, and the female infant wrapped in a 
towel and three layers of vinyl bags.  The infants were thawed prior to autopsy, and it 
was found that all internal organs were soft and the postmortem changes were minimal, 
with no evidence of putrefaction and autolysis.  Time since death or time since freezing 
were unable to be estimated.  Kozawa et al. (2010) noted that assessing a PMI with infant 
remains is difficult, especially when the remains been frozen, as the postmortem changes 
can impede the investigation.  They stress the importance of careful postmortem 
investigations in cases with infant deaths.  
Dismemberment cases are also a frequently encountered by forensic 
anthropologists.  Adams et al. (2019) reports that 55 dismemberment cases occurred in 
New York City from 1996-2017.  Of the 55 dismemberment cases, 46 were concealed in 
a plastic trash bag or other type of covering, while eleven cases were disposed of in 
water.  This indicates that dismemberment cases occur on a semi-regular basis for a 
forensic anthropologist, specifically cases involving the enclosing of remains and/or 
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submersion of remains that will affect the decomposition processes, for which there are a 
need for accurate, reliable PMI/PMSI estimation methods for isolated elements.   
 Kojima et al. (1992) examined a severed head that was discovered wrapped in 
seven plastic bags, set in concrete and placed in an insulated plastic box.  The head had 
wet skin, a small amount of hair and no adipocere formed.  The PMI was estimated to be 
two weeks to six months based on the level of preservation.  However, after the suspect 
who had possession of the head stated that the victim was killed 22 months before, it was 
suggested that the absence of oxygen was the primary reason for the difference between 
the estimated and the actual PMI.   
Konopka et al. (2007) presented data on 23 cases dismembered bodies from 
Poland.  They identified two different categories of dismemberment: defensive mutilation 
is motivated by the attempt to prohibit the discovery of the victim’s identity, and 
offensive mutilation occurs when the perpetrator is “unleash[ing] pent-up aggression 
upon the victim” (Konopka et al. 2007:1).  The study compiled the details of 23 
dismemberments accrued over a span of 35 years (1968-2005), and found that in almost 
all cases, tools that are easily accessible were used.  In 13 of the cases, the body was 
dismembered and subsequently concealed.  In six cases, the dismembered body parts 
were disposed of into a river.  
Simmons and Walker (2010) studied that factors that influence the rate of 
decomposition of decapitated and attached pig heads.  Using 24 whole pig carcasses and 
24 pig heads, the samples were placed outdoors and the decomposition scored every 50 
ADD until 750 ADD, using a modified scoring guide developed by Megyesi et al. 
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(2005).  Simmons and Walker (2010) found that heads attached to the body decomposed 
at a faster rate than the decapitated heads.  This supported their hypothesis that the 
expulsion of volatile gases produced by decomposition of the body is a primary factor 
that influences the rate of decomposition.  With attached heads, the most common 
location of oviposition was at the mouth, whereas the decapitated heads experienced 
oviposition at the foramen magnum.  
 
Forensic Entomology 
Insect succession and oviposition on a body in an aquatic environment is not as 
thoroughly understood or predictable as it is for terrestrial environments (Barrios and 
Wolff 2011; Boyle et al. 1999; Catts and Goff 1992; Fenoglio et al. 2013; Merritt and 
Wallace 2009; Payne and King 1972; Rodriguez and Bass 1983; Simmons et al. 2010).  
Previous studies examined the insects and their succession on a body; however, these 
studies are specific to a particular body of water with a unique temperature, the season in 
which study occurred and geographic region (Haskell et al. 1989; Keiper et al. 1997; 
Payne and King 1972; Rodriguez and Bass 1986; Wallace et al. 2008; Vance et al. 1995).  
The movement of water is an important factor in the insects found on the body.  If the 
remains are in a lotic environment, then insects will be introduced and removed from the 
body by water currents (Merritt and Wallace 2009).  This interferes with an accurate 
interpretation of the PMSI based on the succession or type of insect present.  Water 
insects such as caddisflies (Trichoptera) can be used to indicate the PMSI (Wallace et al. 
2008), depending on the movement of the water.  Another variable to consider when 
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assessing the PMSI from insect remains is whether or not the remains ever surfaced.  If 
remains float and are exposed to the surface, insects will feed on the exposed tissue and 
lay eggs that fall into the body cavities of the remains from the exposed area (Payne and 
King 1972).  If the remains are completely submerged and never surface, insect activity is 
severely restricted.  While there are underwater insects that will colonize a submerged 
carcass, these are variable based on the individual water ecosystem (Merritt and Wallace 
2009).  For the present study, specific insects are not considered as a method for 
estimating the PMSI.  While insects may have contributed to the speed of decomposition, 
the type of insect was not important to the study as the focus is not on producing forensic 
entomology methods of estimating the PMI/PMSI.   
 
Cold Weather and Frozen Samples 
 Temperature of the environment in which the decomposing remains occupy is an 
influential variable of decomposition (Buchan and Anderson 2002).  The colder the 
temperature, the slower the decomposition, and the hotter the temperature, the more rapid 
the decomposition (Micozzi 1997).  Bunch (2009) and Micozzi (1986, 1997) have 
examined the effects of cold temperatures on decomposing remains; however, the 
majority of decomposition studies are conducted in the warmer months, leaving the 
impression that the disposal of bodies is only happening in the summer months.   
 Bunch (2009) studied decomposition of three child-sized pigs in a cold 
environment.  The samples were placed in various microclimates; a sparse hardwood 
forest near a water source, a dense hardwood forest and a spruce forest, and allowed to 
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decompose for two years.  The sample in the spruce forest was almost completely 
skeletonized after one year of exposure, compared to the samples in the sparse and dense 
hardwood forests, which retained some soft tissue after one year.  It was suggested that 
the amount of sunlight might affect the decomposition rate, with samples in the shade 
decomposing quicker than remains in direct sunlight.  Bunch (2009) stated that 
decomposition in cold environments with regular snowfall has not been systematically 
researched.  
Part of the present study’s sample consists of previously frozen stillborn pigs (see 
below).  Freezing and thawing are important to note in the present study, as it may alter 
subsequent decomposition.  Micozzi (1986) found that pigs that were frozen prior to use 
in research decomposed at an “outside-in” pattern, since the freezing of the skin causes it 
to become brittle.  Micozzi (1986) also found that the pigs that were previously frozen 
require a longer period to begin decomposition, as the first few days after placement are 
spent defrosting the pig, rather than progressing decomposition. 
 Roberts and Dabbs (2015) found that insects prefer to lay eggs on previously 
frozen pigs compared to never-frozen pigs.  They also found that fresh pigs bloat during 
decomposition, whereas the frozen-thawed pigs did not bloat (Roberts and Dabbs 2015).  
This must be considered when assessing the decomposition of the samples, when looking 
specifically for presence of bloating.  There are also color differences in the tissues of 
frozen-thawed pigs and never-frozen pigs.  Frozen-thawed pigs will present darker colors 
in the decomposing tissue (less vivid purples, blues and greens; tissue appears grayer) 
compared to the never-frozen pigs which showed vivid purples, greens and blues 
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(Roberts and Dabbs 2015).  The assessment of the decomposition based on color and 
bloating required modified scoring criteria for the present study.   
Zugibe and Costello (1993) examined the victims of the Richard Kuklinski, the 
“Iceman Murderer”.  In 1983, a bundle of plastic bag were found to have contained 
human remains.  Contained within 20 layers of plastic trash bags was a body that was 
moist and lacked significant decomposition.  The high level of preservation was 
attributed to the body having been frozen for an unknown period of time.  After 
comparing the victim’s clothing to clothing seen in the last photograph of the victim 
alive, it was discovered that the victim had been frozen for 2 years and 3 months  
More research is needed on specific areas of decomposition, specifically with 
understudied variable such as cold weather, juvenile/fetal/neonate sized samples, and 
isolated body regions (such as in cases of dismemberment).  This present research adds 
new data on cold weather decomposition of neonate-sized remains, as well as data on the 
effects of enclosing remains in a plastic trash bag in a submerged or terrestrial 
environment. 
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METHODS 
The study was conducted the Boston University Outdoor Research Facility (ORF) 
located in Holliston, Massachusetts.  The ORF is located within a Dfa climate 
classification, experiencing snow, full humidity and hot summers according to the 
Köppen-Geiger climate classes (Kottek et al. 2006).  The aquatic samples were placed in 
an artificial freshwater pond located fully on the property.  The freshwater pond was used 
previously as a cranberry bog, and was created approximately a century ago.  The water 
height and rates of flow vary throughout the year.  The aquatic samples were place at the 
edge of pond retaining berm and dam, to ensure complete submergence and to allow for 
monitoring of the water height, as well as ease of access.  The retaining berm was a 
manufactured with soil and had associated reinforcing vegetation covered in plastic tarps 
to prevent erosion.  Abutting the berm was the original concrete retaining wall with a gate 
(supplemented with cylinder blocks to slow the rate of water flow) (Figure 3.1).  The 
aquatic samples were not shaded by trees and were exposed to full sunlight.  The 
terrestrial samples were placed within the ORF’s decomposition field, a 27 m x 53 m 
area.  Chain-link fencing and shade cloth enclose the field, preventing large scavengers 
from accessing the area.  The terrestrial samples were places in the northeast corner of the 
field, with trees located to the east of the samples, providing partial shade.  Vines and 
other vegetation grew over the samples at times and were removed with hand shears prior 
to scoring the decomposition. 
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Aquatic Samples 
The sample consisted of sixteen stillborn pigs purchased frozen, to ensure no 
decomposition would occur during the overnight shipment to the ORF from Carolina 
Biological Supply Company.  The samples received no chemical preservatives or 
treatment prior to freezing.  The samples were kept frozen at the ORF for five days prior 
to placement.  Samples were thawed indoors for five hours within the original sealed 
packaging to prevent any exposure to insects or other biological agents.  Each of the eight 
enclosed samples were placed in a single, white Hefty Ultra Strong unscented drawstring 
plastic bag.  The bag was rolled up around the sample to remove excess air; the 
drawstrings were tightened and the bag was single-knotted below the drawstrings.  Bags 
were labeled one through eight with permanent maker.  Exposed samples were placed in 
a polyester mesh (5 mm) laundry bag (30 cm x 38 cm) with a zipper closure to prevent 
commingling/loss of remains once skeletonized.  Each sample was marked with a unique 
color combination of zip-ties to allow for identification of individual samples. 
Samples were divided between two wire lobster cages (76 cm long, by 47 cm 
wide, by 30 cm high) with the maximum wire mesh gap size of 5 cm by 5 cm; enclosed 
samples were placed in one cage, and exposed samples in the other.  Each cage was 
divided into eight units: full 20-gauge mesh chicken wire with 5 cm holes was placed 
horizontally halfway through the cage, creating an upper and a lower section, which were 
secured with zip-ties.  The samples placed in the bottom section rested on the bottom 
surface of the lobster cage, while the samples in the upper unit rested on the chicken wire 
divider.  The upper and lower sections were then divided into four individual units using 
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the same chicken wire and zip-ties.  One sample was place in each individual unit, with 
16 units total between the two cages (Figure 3.2).  The sample bags were not attached to 
the cage and were allowed to float freely in their designated unit.  The cage openings 
were reinforced with zip-ties, which were cut and replaced every time a sample was 
retrieved.  Nylon ropes were woven through the top of the cages to allow for retrieval and 
to anchor the cages to land.  
The eight samples were placed in the pond 1.5 meters in front of the berm and one 
meter apart on 2 December 2017.  The water depth fluctuated between 1.52 meters deep 
over the course of the study, with the deepest depth recorded after snowfalls.  Water 
depth was recorded using a metal rod that was inserted into the water, and then measured 
after withdrawal.  Attached to the two cages were two HOBO© data loggers (using Onset 
Software©) to record the hourly water temperature.  Samples were scheduled for retrieval 
every 28 days.  Since the samples were submerged in cold water during the winter 
months, it was expected that decomposition would progress slowly, or cease altogether. 
Therefore, a longer interval between retrievals was necessary to allow the samples to 
develop decomposition changes.  Samples were submerged for 192 days total.  
 Samples were selected at random upon retrieval, with one enclosed sample and 
one exposed sample selected each time.  The first retrieval was scheduled for 30 
December 2017, however, during the week prior to retrieval the ORF region experienced 
several days of below-freezing average temperatures.  This resulted in the top 20 
centimeters of the pond freezing solid, trapping one cage below the ice and partially 
encasing another cage in ice (Figure 3.3).  Therefore, it was not possible to retrieve the 1st 
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sample until 27 January 2018, when only one sample was retrieved.  One cage was 
successfully excavated via an ice auger and pick axe. However, the second cage remained 
too deep under ice and was deemed unsafe to retrieve.  After the ice melted, two samples 
(one exposed, one enclosed) were retrieved on 24 February 2018, two samples on 25 
March 2018; two samples on 21 April 2018; two samples on 20 May 2018, and finally 
the remaining three samples on 12 June 2018.  All samples were photographed 
immediately after recovery, prior to disposal.   
Three exposed samples and one enclosed sample were not recovered from the 
cages.  While the integrity of the cages was intact and there were no signs of scavengers 
forcing the cage open to access the samples, it is most likely that as the samples 
decomposed and disarticulated a scavenger pulled the bags through wire base of the cage.  
Additionally, one enclosed sample was consumed by scavengers with only the head 
remaining in the cage along with the torn mesh laundry bag (Figure 3.4).  The 
decomposition of the isolated head was not scored.  Eleven samples were retrieved and 
eligible for decomposition scoring.   
 
Aquatic Head Samples 
 The head sample consisted of thirty adult pig heads, purchased in a semi-frozen 
state from Taurus Packaging Company Incorporated Roxbury, Massachusetts.  The pig 
heads were unused byproducts of pork processed for the food industry and the eyes were 
removed, although no further trauma was noted to the crania.  Heads were severed at the 
base of the cranium and included the tongue and esophagus.  On 23 May 2018, the heads 
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were purchased and transported to the ORF and immediately placed in chest freezers at 
0°C, where they remained for twenty days.  Prior to placement, the heads were thawed 
indoors for five hours in their original packaging to prevent any exposure to insects.  The 
aquatic heads samples were placed in cages in a similar set up as the neonate samples.  
Wire lobster cages (76 cm long, by 47 cm wide, by 30 cm high) were separated into three 
units with full 20-gauge mesh chicken wire with 5 cm holes and secured with zip-ties.  
The cage openings were reinforced with zip-ties, which were cut and replaced every time 
a sample was retrieved.  Nine heads were each placed in a single 33-gallon black Hefty 
Strong drawstring plastic bag.  The air was push out of the bags; the drawstrings were 
pulled and was single-knotted below the drawstrings.  Each plastic bag was marked with 
a unique color combination of zip-ties secured underneath the knot to identify each 
sample.  The nine exposed samples were placed in individual polyester mesh (5 mm) 
laundry bags (1.0 m x 0.5 m) with a drawstring closure (to prevent commingling upon 
skeletonization) and marked with a unique zip-tie color combination for identification.  
The eighteen aquatic samples were divided between five lobster cages; three 
cages contained four samples, and two cages contained three samples.  Each cage was 
woven with nylon rope to allow for retrieval and securing to shore.  Samples were placed 
in the pond 1.5-2 meters from the berm, one meter apart on 12 June 2018.  The water 
depth fluctuated from 1.5-2 meters in depth throughout the study, which was recorded 
with a metal rod that was inserted into the water, and then measured after withdrawal.  
Attached to a metal corkscrew and embedded in the bottom of the pond was one HOBO© 
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data logger (using Onset Software©) to record the hourly water temperature.  Samples 
were submerged for 52 total days.  
 Samples were intended to be retrieved approximately every five days, with a 
single exposed sample and a single enclosed sample selected at random, with the 
remaining samples returned to the water.  For practical reasons, the retrieval interval 
varied slightly.  The first scoring occurred on 17 June 2018, the second on 26 June 2018, 
the third on 1 July 2018, the fourth on 7 July 2018, the fifth on 12 July 2018, the sixth on 
24 July 2018, the eighth on 29 July 2018 and the ninth and final scoring on 3 August 
2018.  All samples were photographed immediately after recovery, prior to disposal.  All 
eighteen samples were retrieved and eligible for decomposition scoring.  
 
Terrestrial Head Samples 
 The terrestrial sample consisted of twelve of the pig heads described previously, 
having been frozen for six days prior to placement.  The samples were placed on the 
ground of the northeast corner of the decomposition field on 29 May 2018.  Attached to a 
stake two meters from the samples was one HOBO© data logger (using Onset 
Software©) to record the hourly ambient temperature.  Six samples were enclosed in the 
same type of plastic bags used with the aquatic samples and single knotted under the 
drawstring.  The remaining six heads were placed on the ground completely exposed.  All 
heads were placed in three-by-four rows with approximately 30 cm between each sample.  
The samples were covered with chicken wire and staked down to prevent any avian or 
other large vertebrate scavengers that might have breached the chain-link fence perimeter 
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(Figure 3.5).  One enclosed and one exposed sample were scored for decomposition at 
regular intervals.  All samples were photographed immediately after recovery, prior to 
disposal.  The first scoring occurred on 12 June 2018, the second on 17 June 2018, the 
third on 26 June 2018, the fourth on 1 July 2018, the fifth on 7 July 2018, the sixth and 
final scoring on 12 July 2018.  All twelve terrestrial samples were recovered and were 
scored for decomposition.  
 
Assessing Decomposition 
 Terrestrial samples decomposition was assessed using the Megyesi et al. (2005) 
visual scoring guide with the adjusted scores from Moffat et al. (2016) (Tables 3.1-3.3), 
and the TBS-calculating linear regression formula developed by Moffatt et al. (2016): 
TBSsurf  = (125 x log10 ADD 212)0.625 
 While Scholl and Moffatt (2017) referenced the aquatic decomposition scoring system 
for remains enclosed in plastic trash bags, the Megyesi et al. (2005) scoring guide with 
the Moffatt et al. (2016) modifications was used to allow consistent scoring techniques 
between all land samples (enclosed and exposed) to allow for comparison of the 
method’s reliability.  No published protocol exists that address the complication of 
calculating a total body score based on an isolated head, as all ADD estimation methods 
require the scores of the entire body for the regression models to work correctly.  Thus, 
two scoring methods were applied to the head samples; first, the head was scored 
according to the description guides, and the body and limbs scored only as a zero 
(indicating fresh, undecomposed remains).  The second method was to score the head, 
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and then based on that decomposition description, find the equivocal decomposition score 
for the non-existent limbs and body and incorporate those scores as if those body regions 
were present.  For example: following the Heaton et al.(2010) guidelines  if  a head 
were scored a three based on gray/green discoloration and still relatively fresh skin  then 
one would find the corresponding description of gray/green discoloration in the torso 
scoring guide and the limbs scoring guide and determine the corresponding point value.  
The method allows for the ADD-predictive formula to function as if whole-bodied 
remains were present by extrapolating the decomposition of the limbs and torso (were 
they to be present) based only on the decomposition of the head.  The difference in 
calculated ADD and the modified ADD were calculated, and were compared for 
statistical significance using a paired sample t-test.  
Aquatic decomposition, both neonate and head samples, was assessed using the 
Heaton et al (2010) scoring method (Tables 3.4-3.6).  The Limb Aquatic Decomposition 
Score (LADS), Facial Aquatic Decomposition Score (FADS) and Body Aquatic 
Decomposition Score (BADS) (Heaton et al. 2012) were used to score the decomposition 
of each sample.  Each region of the body had corresponding description of the phases of 
decomposition; the remains were then matched up with the described decomposition, and 
given the determined amount of points.  The sum of these scores produced the Total 
Aquatic Decomposition Score (TADS) (Heaton et al. 2010).  The TADS was then 
entered into the ADD-predictive linear regression formula: 
ADD=10
(TADS+3.706)
7.778  
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The calculated ADD was then compared to the known ADD, and the difference of 
the two calculated.  Hourly data recorded by HOBO© data loggers (using Onset 
Software©) (both in the water and on land) were used to calculate the known ADD from 
the average daily temperatures, as National Weather Service data is often significantly 
different from local weather (Dabbs et al. 2015).  All temperature data were recorded in 
an Excel spreadsheet. 
Two statistical tests, univariate analysis of variance, and between-subject-effects 
analyses, were run for each sample combination (neonate/submerged)/ 
[exposed/enclosed]; head/ [water/land]/ [exposed/enclosed], to test for statistical 
significance (p ≤ 0.05).  Additionally, paired sample t-tests of the neonate/submerged, 
heads/submerged, and heads/land were analyzed for statistical significance (p ≤ 0.05).  
Intraobserver error was assessed by blindly re-scoring all samples after six month from 
the original photographs of the samples.  A fellow member of the same Master’s cohort 
duplicated the images, re-naming the photos with only numbers to allow for identification 
and comparison after; and placed the photos in two new digital folders based on the 
environment (Aquatic or Terrestrial).  The author then re-scored the decomposition with 
the same scoring systems as used previously.  Intraobserver error was calculated using a 
paired-sample t-test.  Graphs were created using Excel to compare the calculated ADD 
and known ADD of each set of remains in their respective environments and variable 
conditions.  
Based on the results of the statistical tests (see below), it was necessary to develop 
new scoring guides for each specific decomposition environment.  Using the original 
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photographs taken of each sample and the written descriptions of the decomposition, new 
scoring descriptions were developed to create a more accurate scoring method.  Modified 
descriptions were developed for the following contexts: decapitated head/exposed/land, 
decapitated head/enclosed/land, decapitated head/exposed/water, decapitated 
head/enclosed/water, and neonate/enclosed, neonate/exposed.  
The original scoring descriptions from Megyesi et al. (2005) and Heaton et al. 
(2010) were modified based on the decomposition characteristics documented over the 
course of the study. The aquatic decomposition descriptions (FADS, BADS and LADS) 
for the neonate and head were modified from the Heaton et al. (2010) guides to 
incorporate the combination of early decomposition changes and advanced 
decomposition changes (i.e., Skin sloughing off while the remaining tissue appears 
relatively fresh-looking). The appearance of the soft, water-logged body was included 
and the partial skeletonization was moved from the terminal score of 8 to begin at the 
score of 5. It was necessary to have the skeletonization description begin at a lower point 
value to allow for the possibility of skeletonization after fewer ADD. The terrestrial 
head/neck decomposition descriptions were modified from the Megyesi et al. (2005) 
guides to incorporate the liquefaction of the enclosed samples, and the mummification 
without large tissue loss for the exposed samples. The application of these scoring guides 
is discussed below. 
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Figure 3.1.  Retaining berm with tarp and tires to prevent erosion, with original 
concrete dam abutting berm.  
 
 
Figure 3.2.  Wire lobster cage divided with chicken wire into eight individual 
units to divide the neonate aquatic samples.  
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Figure 3.3.  One lobster cage (note the orange flags attached) embedded in 
20 centimeters of ice. The second cage was under the ice and not visible. 
Figure 3.4.  The scavenged pig head the enclosed samples.  Note the ripped 
laundry bag and various ribs remaining in addition to the cranium and some 
cervical vertebrae. 
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Figure 3.5.  Setup and placement of the terrestrial pig head samples in the 
decomposition field of the Outdoor Research Facility. 
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Head/Neck Description 
1. Fresh  
(0pts) 1. Fresh, no discoloration. 
2. Early 
decomposition 
 
(1pt) 1. Pink-white appearance with skin slippage and 
some hair loss. 
(2pts) 2. Gray to green discoloration: some flesh still 
relatively fresh. 
(3pts) 3. Discoloration and/or brownish shades 
particularly at edges, drying of nose, ears and 
lips. 
(4pts) 4. Purging of decompositional fluid out of eyes, 
ears, nose, mouth, some bloating of neck and 
face may be present. 
(5pts) 5. Brown to black discoloration of flesh. 
3. Advanced 
Decomposition  
 
(6pts) 1. Caving in of the flesh and tissues of eyes and 
throat. 
(7pts) 
 
2. Moist decomposition with bone exposure less 
than one half that of the area being scored. 
(8pts) 3. Mummification with bone exposure less than 
one half that of the area being scored. 
4. Skeletonization  
 
(9pts) 
 
(10pts) 
 
(11pts) 
(12pts) 
 
1. Bone exposure of more than half of the area 
being scored with greasy substances and 
decomposed tissue. 
2. Bone exposure of more than half the area being 
scored with desiccated or mummified tissue. 
3. Bones largely dry, but retaining some grease. 
4. Dry bone. 
Table 3.1.  Original decomposition descriptions of the Head/Neck developed by 
Megyesi et al. (2005), and the modified point scoring system (adjusted to begin 
with zero) based on recommendations by Moffat et al. (2016).  
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Table 3.2.  Original decomposition descriptions of the Trunk developed by 
Megyesi et al. (2005), and the modified point scoring system (adjusted to begin 
with zero) based on recommendations by Moffat et al. (2016). 
 
 
 
 
 
 
Trunk Description 
A. Fresh  
(0 pts) 1. Fresh, no discoloration. 
B. Early 
decomposition 
 
(1 pt) 1. Pink-white appearance with skin slippage and 
marbling. 
(2pts) 2. Gray to green discoloration: some flesh still 
relatively fresh. 
(3pts) 3. Bloating with green discoloration and purging of 
decompositional fluids. 
(4pts) 4. Postbloating following release of the abdominal 
gases, with discoloration changing from green to 
black. 
C. Advanced 
Decomposition  
 
(5pts) 1. Decomposition of tissue producing sagging of 
flesh; caving in of the abdominal cavity. 
(6pts) 
 
2. Moist decomposition with bone exposure less 
than one half that of the area being scored. 
(7pts) 3. Mummification with bone exposure less than one 
half that of the area being scored. 
D. Skeletonization  
 
(8pts) 
 
(9pts) 
 
(10pts) 
 
(11pts) 
 
1. Bones with decomposed tissue, sometimes with 
body fluids and grease still present. 
2. Bones with desiccate or mummified tissue 
covering less than one-half of the area being 
scored. 
3. Bones largely dry, but retaining some grease. 
4. Dry bone. 
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Limbs Description 
A. Fresh  
(0pts) 1. Fresh, no discoloration. 
B. Early 
decomposition 
 
(1pt) 1. Pink-white appearance with skin slippage of hands 
and/or feet. 
(2pts) 2. Gray to green discoloration: marbling; some flash 
still relatively fresh. 
(3pts) 3. Discoloration and/or brownish shades particularly 
at edges, drying of fingers, toes and other 
projecting extremities. 
(4pts) 4. Brown to black discoloration, skin having a 
leathery appearance. 
C. Advanced 
Decomposition  
 
(5pts) 1. Moist decomposition with bone exposure less than 
one half that of the area being scored. 
(6pts) 
 
2. Mummification with bone exposure of less than 
one half that of the area being scored. 
D. Skeletonization  
 
(7pts) 
 
(8pts) 
(9pts) 
 
1. Bone exposure over one-half the area being 
scored, some decomposed tissue and body fluids 
remaining. 
2. Bones largely dry, but retaining some grease. 
3. Dry bone. 
Table 3.3.  Original decomposition descriptions of the Limbs developed by 
Megyesi et al. (2005), and the modified point scoring system (adjusted to begin 
with zero) based on recommendations by Moffat et al. (2016). 
44 
Table 3.4. Descriptive scale of the Facial Aquatic Decomposition Scale (FADS) 
assigned based on the observable decomposition of the face described by Heaton 
et al. (2010). 
Table 3.5.  Descriptive scale of the Body Aquatic Decomposition Scale (BADS) 
assigned based on the observable decomposition of the torso described by 
Heaton et al. (2010). 
 
 
 
 
  
 
 
FADS Description 
1 No visible changes. 
2 Slight pink discoloration, darkened lips, goose pimpling. 
3 Reddening of face and neck, marbling visible on face.  
Possible early signs of animal activity/predation- 
concentrated on the ears, nose and lips. 
4 Bloating of the face, green discoloration, skin beginning to 
slough off. 
5 Head hair beginning to slough off- mostly at the front. 
Brain softening and becoming liquefied. Tissue becoming 
exposed on face and neck. Green/black discoloration 
6 Bone becoming exposed  concentrated over the orbital, 
frontal, and parietal regions. Some on the mandible and 
maxilla. Early adipocere formation. 
7 More extensive skeletonization on the cranium. 
Disarticulation of the mandible. 
8 Complete disarticulation of the skull from torso. Extensive 
adipocere formation. 
BADS Description 
1 No visible changes. 
2 Slight pink discoloration, goose pimpling. 
3 Yellow/green discoloration of abdomen and upper chest. 
Marbling. Internal organs beginning to 
decompose/autolysis. 
4 Dark green discoloration of abdomen, mild bloating of 
abdomen, initial skin slippage. 
5 Green/purple discoloration, extensive abdominal bloating- 
tense to touch, swollen scrotum in males, exposure of 
underlying fat and tissues. 
6 Black discoloration, bloating becomes softer, initial 
exposure of internal organs and bones. 
7 Further loss of tissues and organs, more bones exposed, 
initial adipocere formation. 
8 Complete skeletonization and disarticulation. 
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Table 3.6.  Descriptive scale of the Limbs Aquatic Decomposition Scale (LADS) 
assigned based on the observable decomposition of the limbs described by Heaton 
et al. (2010). 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
LADS  Description 
 1 No visible changes. 
 2 Mild wrinkling of the skin on hands and/or feet. Possible goose 
pimpling. 
 3 Skin on palms of hands and/or soles of feet becoming white, 
wrinkled and thickened. Slight pink discoloration of arms and 
legs. 
 4 Skin on palms of hands and/or soles of feet becoming soggy and 
loose. Marbling of the limbs-predominately in upper arms and 
legs. 
 5 Skin on hands/feet starting to slough off. Yellow/green to 
green/black discoloration on arms and/or legs. Initial skin 
slippage on arms and/or legs. 
 6 Degloving of hands and/or feet – exposing large areas if 
underlying muscles and tendons. Patchy sloughing of skin on 
arms and/or legs. 
 7 Exposure of bones of hands and/or feet. Muscles, tendons, and 
small areas of bone exposed in lower arms and/or legs.  
 8 
 
Bones of hands and/or feet beginning to disarticulate. Bones of 
upper arms and/or legs becoming exposed.  
 9 Complete skeletonization and disarticulation of limbs. 
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RESULTS 
During the neonate sample observation period of 192 days, the water temperature 
ranged from 0.112oC – 32.911oC.  Immediately after placement of the neonate samples, a 
prolonged period of freezing weather encapsulated the cages containing the samples 
beneath approximately 20 cm of ice.  This freezing event prolonged the preservation of 
the sample and prevented data collection for 56 days.  During the aquatic head sample 
observation period of 52 days, the water temperature ranged from 17.198oC-32.189oC.  
During the terrestrial head sample observation period of 44 days, the ambient temperature 
ranged from 9.077oC to 35.864oC.   
 
Summary of Decomposition Changes 
The neonate samples underwent an atypical decomposition and reached 
skeletonization/complete liquefaction in 169 days.  A longer period to decompose was 
anticipated due to the cold weather.  However, once the weather warmed and stayed 
consistently above 12oC (April), decomposition and disarticulation rapidly accelerated, 
consistent with the findings of Micozzi (1986).  The two freezing events (prior to 
shipment and after placement) and subsequent thawing weakened the skin and sped up 
internal putrefaction.  A complete inventory of all neonate decomposition scores can be 
found in Table 4.1. 
Prior to placement, all samples were fresh with no signs of livor mortis or other 
decomposition processes.  Upon recovery on day 56, the first sample (exposed) was still 
relatively fresh-looking with visible internal organ decomposition, but no associated skin 
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slippage.  During the second recovery occurring on day 85, the exposed sample was 
relatively fresh-looking, with no skin slippage or purging of fluids; internal 
decomposition was evident, but no external decomposition was noted.  The enclosed 
sample was missing except for only the head, and will be discussed further in the 
scavenging section of this chapter (below).  Upon the third recovery on day 113, the 
exposed sample began showing external signs of decomposition.  The limbs were 
disarticulated and skeletonized distal to the ankle joints (Figure 4.1).  The skin was 
beginning to slough off, and there was visible black discoloration of the face.  The 
enclosed sample was internally decomposing with a deep purple discoloration and 
distended abdomen; externally, there was slight discoloration but no associated skin 
slippage or disarticulation (Figure 4.2). 
 During the fourth recovery on day 140, the exposed sample began to deviate 
from the scoring descriptions outline by Heaton et al. (2010).  The sample was 
disarticulated, but with the skin and organs still present and various elements 
skeletonized and mixed in with the soft tissue (Figure 4.3).  This presented a challenge 
for assigning body region scores.  Had the soft tissue been removed, the sample would 
have appeared skeletonized; therefore, the sample was scored as such, resulting in the 
highest TADS possible (25).  It was clear that new, modified scoring descriptions were 
necessary to accurately score the decomposition in order to better estimate the ADD.  The 
enclosed sample was less decomposed than the exposed sample, with visible internal 
decomposition and skin splitting externally.  On the fifth recovery on day 169, the 
enclosed sample was skeletonized with a small amount of soft tissue present in a 
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liquefied condition.  The enclosed sample deviated from the scoring description, as it was 
a semi-solid mass of congealed soft tissue with disarticulated bones mixed in (Figure 
4.4).  On the sixth and final recovery on day 192, the final three exposed samples and 
single enclosed samples were scored.  The exposed sample was completely free of all soft 
tissue, and only skeletal elements were present (Figure 4.5).  The three enclosed samples 
were represented by skeletal elements free of all soft tissue, which had completely 
liquefied in the plastic trash bag and was unrecognizable as tissue.  
In contrast, the aquatic head samples underwent decomposition and reached 
skeletonization by day 25.  The enclosed heads decomposed slower than the exposed 
samples, retaining their soft tissue for a longer time.  A complete inventory of all aquatic 
head sample decomposition scores can be found in Table 4.2.  Upon the first recovery on 
day five, the exposed sample was still fresh-looking with no decomposition changes 
visible (Figure 4.6).  The enclosed sample was also fresh looking, but with some visible 
decomposition changes (Figure 4.7).  During the second recovery on day 14, the exposed 
sample had decomposition staining and loss of tissue.  The exposed sample was also 
visibly decomposing, with the skin saturated and beginning to slough off.  During the 
third recovery on day 19, the exposed sample showed extreme sloughing of the skin, with 
the anterior portion of the mandible and nasals exposed (Figure 4.8).  The enclosed 
sample was visibly decomposing; however, there were no associated color changes, 
merely the soft tissue was saturated and sloughing off to reveal the underlying nasal 
bones.  On the fourth recovery on day 25, the exposed sample showed almost complete 
skeletonization, with a small amount of soft tissue remaining.  The enclosed sample was 
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partially skeletonized, with the anterior facial bones exposed, with the majority of the soft 
tissue saturated and present (Figure 4.9).  
 During the fifth recovery on day 30, the exposed sample was completely devoid 
of all soft tissue.  The enclosed sample was mostly skeletonized, with soft tissue present 
on the back of the head.  During the sixth recovery on day 35, the exposed sample was 
completely devoid of all soft tissue.  The enclosed sample was partially skeletonized, 
with saturated soft tissue remaining only on the posterior half of the head.  On the 
seventh recovery on day 42, the exposed sample was completely skeletonized, with no 
associated soft tissue.  The enclosed sample was partially skeletonized with saturated soft 
tissue present on the posterior portion of the head, with the facial elements skeletonized.  
During the eighth recovery on day 47, the exposed sample was completely devoid of all 
soft tissue.  The enclosed sample was partially skeletonized, with saturated soft tissue 
present on the posterior portion of the head and with the facial elements completely 
skeletonized.  On the ninth and final recovery on day 52, the exposed sample was 
completely devoid of all soft tissue.  The enclosed sample was completely skeletonized 
with the soft tissue remaining in the plastic trash bag, but unassociated with the cranium.   
 The enclosed terrestrial head samples decomposed in a different manner than the 
exposed terrestrial heads. The exposed heads mummified instead of skeletonizing, and 
the enclosed heads sloughed their wet tissue from the skull.  The exposed samples 
decomposed faster than the enclosed samples, retaining moist soft tissue for a longer 
period.  During the first recovery on day 14, the exposed sample had mostly dried skin 
with areas of moist decomposition visible.  The enclosed sample appeared relatively 
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fresh, with the skin appearing moist and shriveled.  Upon the second recovery on day 19, 
the exposed sample had decomposition of the soft tissue around the eyes.  The skin was 
beginning to dry out and was dark brown in color.  The enclosed sample had saturated 
soft tissue on the head, and the decomposition was not accurately reflected by the 
pervious scoring guides (Megyesi et al. 2005; Moffat et al. 2016), as the skin was still a 
pinkish/white with no color changes, no bone exposure, and no mummification.  The 
head appeared fresh based on color; however, the saturation of the skin and overall 
‘melting’ appearance of the soft tissue was a clear sign of decomposition that was not 
reflected in the Megyesi et al. (2005) scoring system.  During the third recovery on day 
28, the exposed sample had drying brown skin and visible decomposition of the soft 
tissue surrounding the eyes.  The head was progressing toward the mummification stage 
of decomposition.  The enclosed sample had the bag breached from an unknown source, 
accelerating the decomposition to a skeletonized state with traces of adhering moist soft 
tissue (Figure 4.10). 
During the fourth recovery on day 33, the exposed sample had dried brown skin 
with caving of the flesh around the eyes (Figure 4.11).  The sample was progressing 
toward the mummification stage.  The enclosed sample was partially skeletonized, with 
the soft tissue sloughing off the cranium, still contained within the plastic trash bag.  The 
associated soft tissue was still moist.  During the fifth recovery on day 39, the exposed 
sample was mummified with no bone exposure.  The enclosed sample was partially 
skeletonized with moist soft tissue adhering to exposed bone.  Bone was visible on more 
than half of the head (Figure 4.12).  During the sixth and final recovery on day 44, the 
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exposed sample was mummified with no bone exposure (Figure 4.13).  The enclosed 
sample was skeletonized, with traces of moist soft tissue coating the bone (Figure 4.14); 
this tissue would be easily removed and was adhering to the cranium, because it was 
enclosed in the plastic trash bag and was unable to fall away from the bone.  
 
TADS/TBS 
 The Total Aquatic Decomposition Score/Total Body Score/TBS were calculated 
for each set of remains on the day of recovery and the ADD was calculated at the end of 
each experiment.  The TADS of the neonate/head samples was determined following 
Heaton et al. (2010).  Determination of the aquatic decomposition scores was difficult at 
times, due to the unique characteristics seen during decomposition that were not 
represented in the Heaton et al. (2010) descriptions.  The unrepresented characteristics 
for the neonate samples was the soft, saturated body texture; the 
skeletonization/disarticulation of the limbs at only the ankle joint; skin slippage on the 
cranium only; lack of adipocere formation; and skeletonization/disarticulation with soft 
tissue remaining in a semi-liquid state (Figures 4.15-4.17).  The unrepresented 
characteristics for the heads/submerged samples was the lack of adipocere formation; and 
the presence of soft tissue that was no longer attached to the skull and not in advanced 
decomposition (Figure 4.18).  
The TBS of the terrestrial heads was determined following the Megyesi et al. 
(2005) scoring descriptions, with the Moffat et al. (2016) modified point system and 
linear regression formula.  The Megyesi et al.  (2005) scoring descriptions were 
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occasionally difficult to apply to the enclosed/land samples due to the high moisture 
content of the remains.  This is consistent with the findings of Scholl and Moffatt (2016), 
who stated that enclosing remains in a plastic trash bag creates an environment better 
represented by the Heaton et al. (2010) aquatic decomposition scoring guide.  However, 
the Megyesi et al. (2005) with Moffatt et al. (2016) modification was used to allow for a 
consistent, direct comparison of the decomposition and the effects of the plastic trash bag 
without having to balance out the different ADD calculations to ensure uniform data 
comparison.  The head enclosed/exposed decomposition characteristics that did not 
match the scoring descriptions were the saturation of the soft tissue that was clearly 
decomposing, however, there were no associated color changes; bloating; purging; caving 
of flesh; or mummification to properly classify the decomposition stage (Figure 4.19).  
This meant that the remains may have been underscored because of the inaccuracy of the 
scoring descriptions.  
The TBS/TADS values varied widely between samples.  The neonate samples 
decomposed at semi-equal rate, compared to the submerged head samples and the 
terrestrial samples.  The exposed neonates samples decomposed slowly, due to the 
freezing temperatures, then experienced rapid decomposition between day 85 (second 
recovery) and day 113 (third recovery) (Figure 4.20).  The enclosed neonate samples 
followed the same rate of decomposition as the exposed samples.  The enclosed samples 
showed some decomposition changes during the first recovery at 56 days, then 
decomposition accelerated rapidly, reaching the highest TADS score (25) after 85 days in 
the water (third recovery) (Figure 4.21).  
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The exposed terrestrial head samples decomposed at a constant rate, with TBS 
scores plateauing during the second, third and fourth recoveries (days 19-33).  (Figure 
4.22).  The TBS score then reached its highest score of 13 on the last recovery (day 44), 
with a head/neck score of 11 and the minimum score of one for both the torso and the 
limbs (fresh/no decomposition). The enclosed terrestrial head samples had TBS scores 
that consistently increased until the fourth recovery (day 33), when the samples reached 
the highest score possible (10) given the timeframe of the study (Figure 4.23).  Had the 
remains been allowed to decompose further, the bones may have reached the dry bone 
stage, eventually losing their grease (score of 11-12); however, the samples were scored 
and discarded before this was possible, thus a score of 10 was the highest possible.  
The exposed submerged head samples had TBS scores that increased consistently 
until the fourth recovery (day 25).  The fourth through ninth and final recovery all had 
TBS scores of nine, with FADS scores of seven, and LADS/BADS scoring one point 
each (Figure 4.24).  The FADS score of seven was the highest score awarded, as there 
was no adipocere formation to fit with the score of eight.  The lack of adipocere 
formation was an indication that the decomposition scoring guides needed modification 
to allow for a better TBS scoring, ADD calculation and PMSI estimation.  The enclosed 
submerged head samples TBS scores increased consistently until the fourth recovery (day 
25) when decomposition plateaued for the next three recoveries at a score of eight, with 
the FADS score maintaining at a six (Figure 4.25).  TADS scores fluctuated during the 
seventh, eighth and ninth (final) recoveries, reaching the highest TADS score of nine 
during the seventh and ninth recoveries.  Interestingly, the eight recovery had a TADS 
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score of eight, as the soft tissue was still attached to the cranium, unlike the seventh and 
ninth samples, which were mostly devoid of soft tissue. 
Hypotheses 
There were several hypotheses tested to account for every variable category.  
First, it was hypothesized that the enclosed/submerged neonate samples calculated ADD 
would not equal the known ADD.  The hypothesis was supported, as the calculated ADD 
was never equal to the known ADD (Figure 4.26), and had an average difference of 1737 
ADD.  Second, it was hypothesized that the exposed/submerged neonate samples 
calculated ADD would be the same as the known ADD, as there was no plastic trash bag 
to affect decomposition.  This hypothesis was rejected, as the calculated ADD never 
equaled the known ADD (Figure 4.27), and had an average difference of 2229 ADD.  
When viewed in conjunction, these hypotheses indicate that the decomposition scoring 
guides and associated linear regression formula provided by Heaton et al. (2010) are 
inaccurate for neonate samples submerged/enclosed and neonate samples 
submerged/exposed.  
The third hypothesis that was the calculated ADD of the head samples 
enclosed/submerged would not equal the known ADD.  This hypothesis was supported, 
as the calculated ADD never equaled the known ADD (Figure 4.28); even after 
modification of the ADD score by artificially scoring the body/limbs equivocally to the 
decomposition of the head, the calculated ADD never equaled the known ADD (Figure 
4.29).  The fourth hypothesis was that the calculated ADD of the head samples 
exposed/submerged would equal the known ADD.  This hypothesis was rejected, as the 
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calculated ADD never equaled the known ADD (Figure 4.30), even after modification of 
the TADS to include the artificial body/limb scores, the calculated ADD never equaled 
the known ADD (Figure 4.31). 
The fifth hypothesis was that the calculated ADD of the head enclosed/terrestrial 
samples would not equal the known ADD.  This hypothesis was supported, as the 
calculated ADD never equaled the known ADD (Figure 4.32), even after modification of 
the TBS to incorporate the artificial body/limbs score, the calculated ADD never equaled 
the known ADD (Figure 4.33).  The sixth hypothesis was that the calculated head 
exposed/terrestrial samples would have a calculated ADD equal to the known ADD.  This 
hypothesis was rejected because the calculated ADD never equaled the known ADD 
(Figure 4.34); even after modification of the TBS with the body/limbs artificial score, the 
calculated ADD and the known ADD were never equal (Figure 4.35). 
 In addition to variable-specific hypotheses, it was also hypothesized that the 
samples enclosed in a plastic trash bag would decompose slower than exposed samples 
(both submerged/land), thus producing an inaccurate TBS/TADS, a subsequently 
incorrect ADD calculation and thus an inaccurate PMI estimation.  This hypothesis was 
rejected, as the results of the univariate analysis of variance produced a p > 0.612, 
indicating no statistical significance between the decomposition of neonate/enclosed, 
neonate/exposed; and heads/enclosed, heads/exposed.  This indicates that the amount of 
decomposition appears to be approximately equal between the exposed and enclosed 
samples; thus the exposed and enclosed samples decomposed at approximately the same 
rate.  
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 It was further hypothesized that the head samples submerged (both enclosed and 
exposed) would decompose at a slower rate than the terrestrial samples (both enclosed 
and exposed).  This hypothesis was not supported, as the results of the univariate analysis 
of variance produced a p >0.703, indicating that submerging the samples does not 
significantly alter the decomposition rate.  This indicates that the samples, whether on 
land or submerged, will decompose at approximately the same rate.   
 
Scavenging Activity 
Scavenging activity occurred with the neonate/submerged samples.  During the 
second recovery, the enclosed sample was found with the plastic trash bag ripped open, 
with only the head of the neonate sample remaining (Figure 4.36).  The decomposition 
was not scored for this sample, and it was removed from the data set.  Three additional 
exposed samples were not recovered, including their mesh laundry bags.  These samples 
were also excluded from the data set.  Numerous mammal scavengers have been 
observed at the ORF, as reported by Pokines and Pollock (2018).  Potential scavengers of 
the pig head include the Virginian opossum (Didelphis virginiana), Northern short-tailed 
shrew (Blarina brevicauda), striped skunk (Mephitis mephitis), long-tailed weasel 
(Mustela frenata), fisher (Martes pennanti), raccoon (Procyon lotor), and the house cat 
(Felis catus).  However, no vertebrate scavengers were observed near the samples at any 
point.  Several green frogs (Lithobates clamitans) (Figure 4.37) and two crayfish 
(Cambarus bartonii) were found on the berm (Figure 4.38).  The green frogs were 
observed among the samples within the cages. 
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Statistical Results 
 For statistical analyses, the Statistical Program for the Social Sciences (SPSS) 
version 25.0 was utilized for all ANOVA and paired sample t-tests.  A univariate 
ANOVA was conducted using all variables (neonate/head, water/land, and 
exposed/enclosed) to determine whether either of the two independent variable pairs 
(water/land or enclosed/exposed), or their interaction were statistically significant (Table 
A.1).  The results of the univariate analysis show that the difference in decomposition 
rates and subsequent ADD calculations between the neonate and head samples was 
significant, with p < 0.001.  This indicates that there was an effect on the rate of 
decomposition and subsequent TADS score and ADD estimation between samples of 
different body mass and/or completeness.  This demonstrates that there is no ‘one-size 
fits all’ method for assessing decomposition, as there are statistically significant 
differences in the rate of the decomposition, and highlights the need for decomposition 
scoring guides developed specifically for neonates and adult-sized decapitated heads. 
The interaction between water/land was not significant, with a p-value of 0.703 (p 
≤ 0.05 indicates significance).  This indicates that there was no statistically significant 
correlation between decomposition on land or in water.  A test of between-subjects 
effects with the difference between the calculated ADD and the known ADD as the 
dependent variables examined the water/land main effects and produced a non-
statistically significant p > 0.05, of 0.696.  This indicates that the water did not have a 
statistically significant effect on the decomposition rate, and that the samples would 
decompose equally on land or in water.  A second test of between-subjects effects was 
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conducted with the difference between the calculated ADD and the known ADD as the 
dependent variable, examining the exposed/enclosed main effects (the effect of a single 
independent variable on the dependent variable), produced a non-statistically significant 
p > 0.05, of 0.704 (Table A.2).  This indicates that there was no significant interaction 
between the rate of decomposition and subsequent TADS/TBS and calculated ADD, and 
whether the samples were enclosed or exposed.  This leads to a rejection of the 
hypothesis that enclosing remains in a plastic trash bag would result in a decomposition 
rate that was statistically significantly lower than the predicted rate of decomposition. It 
is important to note that both the submerged and terrestrial samples deviated from their 
decomposition scoring guides (such as the mummification of the exposed terrestrial 
samples, and the liquefaction of the submerged neonate samples) which is likely the 
reason the test of between-subjects effects did not produce a statistically significant p-
value. 
Additionally, it was hypothesized that the samples enclosed and submerged would 
decompose slower than the exposed/terrestrial samples.  This hypothesis was rejected, as 
the ANOVA produced a p > 0.995, strongly indicating no statistical significance between 
the relationship of enclosing and submerging remains.  This indicates that if the samples 
are enclosed/submerged, or exposed/submerged, or enclosed/terrestrial or 
exposed/terrestrial, there would be no statistically significant factors influencing the rate 
of decomposition.  Again, this counterintuitive result can be understood based on the 
small sample size and the length of the terrestrial head sample study.  A larger sample 
size would be required to test for the effects of sample size on the ANOVA results. 
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One result of the ANOVA that was not hypothesized was the difference between 
the rate of decomposition of the neonate and head samples.  An analysis of the main 
effects of all submerged samples (neonate and head) found that there is a statically 
significant difference in the decomposition of the neonate and head samples, with p < 
0.001.  This indicates that the neonate samples decomposed at different rates, thus 
producing a different TADS score, ADD estimate and PSMI estimation significantly 
different from the head samples TADS, ADD estimate and PMSI estimation.  However, 
this was not a focus of the study, as using samples of such drastically different sizes is not 
a good comparison.  It was expected that the two sample types would decompose at 
different rates, and therefore the relationship between neonates and heads, in any variable 
category was not examined.  These results were not the primary focus of the ANOVA 
analysis; however, this information was part of the results, and thus it is reported even if 
it is not relevant to the present study’s focus.   
 Paired sample t-tests were used to determine if the relationship between the 
calculated ADD and the known ADD of all samples was statistically significant.  The 
first paired sample t-test, compared the calculated ADD to the known ADD of the 
neonate/submerged samples.  The p < 0.008 was significant, indicating that the difference 
between calculated ADD and the known ADD of neonate samples in water is 
significantly different.  The mean calculated ADD was 2802.46 and the mean of the 
known ADD was 797.16, indicating that the samples decomposed significantly faster 
than would be expected, and also decomposing in a manner that was not accounted for by 
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the scoring guides; thus not providing an accurate representation of the TADS and ADD 
calculations (Table A.3).  
 A paired sample t-test was used to evaluate for statistical significance between the 
calculated ADD and the known ADD of the head/land samples.  The p was >0.001, 
indicating a statistically significant difference between the rate of decomposition of all 
head samples on land.  The mean of the calculated ADD was 103.91, and the mean of the 
known ADD was 656.85, indicating that the heads decomposed slower than expected 
from previous research (Table A.4).  However, this statistic should be interpreted with 
caution, as there is an explanation for this apparent lack of decomposition. 
 A paired sample t-test was used to examine the significance of the 
heads/submerged rate of decomposition.  The p was < 0.001, indicating a statistically 
significant difference in the rate of decomposition and subsequent TADS score and ADD 
estimate for all head samples in water.  The calculated ADD mean was 32.06, and the 
known ADD mean was 742.19 (Table A.5), which would imply that the heads were not 
decomposing, but instead staying relatively fresh.  However, this was not the case.  The 
explanation for this pattern of decomposition in heads on land and in water lies in the 
application of the decomposition scoring guides: in order for the ADD linear regression 
formula to function properly, all three regions of the body (head, torso, and limbs) must 
be scored.  However, there is currently no recommended protocol when an isolated head 
is the only region present.  Therefore, the present research applied two scoring methods 
to test the accuracy of both.  The first method, scoring the head according to the guide, 
keeping the torso/limbs scores both as ones, resulted in the statistically significant 
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difference in the rate of decomposition.  This shows that there is a significant need for the 
ADD linear regression formula to have all three regions of the body scored, not just the 
head.   
To test for statistical significance of the second method of scoring the head 
samples decomposition (where the non-existent body/limbs were artificially scored based 
on the equivocal decomposition of the heads to calculate a new ADD) a paired sample t-
test was calculated using the new calculated ADD compared to the original calculated 
ADD.  The p was > 0.033, indicating that there was a statistically significant difference 
between scoring the heads only, and scoring the heads and artificially the body/limbs 
(Table A.6).  The next paired sample t-test used the known ADD and the new calculated 
ADD to check for a statistically significant difference between the decomposition rates, 
and following TADS score and ADD estimate.  The p was > 0.021, indicating a 
statistically significant correlation between the new calculated ADD and the known 
ADD.  The known ADD mean was 708.05, and the new calculated ADD mean was 
1027.74 (Table A.7).  This indicates that the artificial scoring of the body/limbs to 
increase the ADD calculation continued to produce a statistically significant different 
ADD calculation that is higher than the known ADD.  This confirms the need for further 
research into developing protocols for estimating the PMI based on TBS/ADD when an 
isolated head is present.  Presently, the scoring method remains useful for whole-bodied 
remains, but when applied to individual body segments, specifically the head, will 
produce an ADD estimate that is either over-estimating the PMI or underestimating it. 
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Intraobserver Error 
Intraobserver error was tested by re-scoring all decomposition from the original 
photographs six months after the last decomposition scoring occurred.  Sauerwein (2019) 
found that scoring decomposition from photos was as accurate as scoring the remains in 
person, and is a reliable method for determining intraobserver error in decomposition 
studies.  A paired sample t-test was used to establish agreeability between the original 
decomposition scoring and the second scoring.  The p was 0.267, which was greater than 
alpha (0.05) indicating an agreement of scoring and consistency in the application of the 
method (Table A.8).  
 
New Decomposition Scoring Description 
The primary takeaway from the present research was that there is a need for 
specialized decomposition scoring descriptions.  The current scoring guides from 
Megyesi et al. (2005) and the Heaton et al. (2010) have many descriptions that were not 
applicable to the decomposition of the submerged neonate samples, and submerged and 
terrestrial head samples.  In response to this, the present research offered the following 
modifications to the scoring guides. The Megyesi et al. (2005) descriptions, realigned to 
zero (Moffatt et al. 2016) was modified twice, once to represent isolated heads exposed 
on land (Table 4.3), and modified again to represent isolated heads enclosed in a plastic 
bag on land (Table 4.4).  For the exposed isolated head on land, all but one of the original 
phases of the early decomposition descriptions were not modified, as the majority of the 
changes corrected the advanced decomposition and skeletonization descriptions.  
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 The largest modification was to change the skeletonization category to a 
mummification category.  As all the exposed terrestrial samples mummified with little 
skeletonization, it was appropriate to change the final stage of decomposition and its 
descriptions. The new descriptions for the enclosed isolated head on land retained the 
skeletonization category, but modified the descriptions to incorporate the sloughing of the 
moist skin from the skull.  Only the head/neck descriptions developed by Megyesi et al. 
(2005) were modified.  The torso and limbs descriptions were not altered because there 
were no whole-bodies terrestrial samples that could be used for reference to modify the 
scores.  Thus, further research is needed to provide modified descriptions of the torso and 
limbs when enclosed and exposed on land.  
The Heaton et al. (2010) decomposition descriptions (FADS, BADS, and LADS) 
were modified to better describe the changes of submerged neonates (enclosed and 
exposed).  Only the FADS description for the submerged isolated heads (enclosed and 
exposed) was modified.  The FADS, LADS and BADS descriptions based on the 
enclosed and expose neonate samples focused on the liquefaction of the tissues, and the 
lack of adipocere formation (Table 4.54.10).  The original FADS required extensive 
adipocere formation in order to achieve a maximum score of eight.  This parameter was 
loosened to allow for the possibility of adipocere formation, but does not mandate it to 
score a seven or eight.  
The modified descriptions for the submerged exposed and enclosed isolated head 
focused on changing the advanced decomposition scores (Table 4.11).  The 
decomposition deviated from the original descriptions due to the lack of adipocere 
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formation, and the skeletonization via tissue sloughing off while still appearing relatively 
fresh (as opposed to decomposing away).  It was important to differentiate between skulls 
devoid of tissue but the tissue is still present in the material enclosing the head, and a 
skull that is devoid of tissue and has no tissue remains because it has decomposed.  The 
differentiation was necessary because scoring the skull as skeletonized implied it has a 
long enough PMSI that the tissue had time to decompose away, whereas in reality, the 
tissue may have sloughed off, yet remained undecomposed.  
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Figure 4.1. Exposed neonate sample on day 113 of submergence. Note the 
disarticulation of the limbs and the visible abdomen discoloration, indicating 
internal decomposition. 
Figure 4.2. Enclosed neonate sample on day 113 of submergence. Note the 
discoloration of the abdomen, but overall intact condition compared to the 
exposed sample in Figure 4.1. 
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Figure 4.3. Exposed neonate sample on day 140 of submergence. The 
liquefaction of the tissues did not match any of the decomposition scoring 
descriptions, thus demonstrating the need for modified descriptions. 
Figure 4.4. Enclosed neonate sample on day 169 of submergence. The tissues 
liquefied into a congealed mass with skeletal elements commingled throughout. 
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Figure 4.5. Exposed neonate sample on day 192 of submergence. All soft tissue 
was decomposed and skeletal elements were commingled. 
Figure 4.6. Exposed decapitated head sample on day 5 of submergence. Note the 
relatively fresh appearance with no decomposition discoloration.  
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Figure 4.7. Enclosed decapitated head sample on day 5 of submergence. Note the 
relatively fresh appearance with some decomposition discoloration.  
Figure 4.8. Exposed decapitated head sample on day 19 of submergence. The tissue 
sloughed off the anterior facial bones, but remained attached to the posterior 
cranium. Note: the plastic bag was used for transportation after removal from the 
pond and the sample was not enclosed in the water. 
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Figure 4.9. Partially skeletonize enclosed decapitated head sample on day 25 of 
submergence. The saturated tissue sloughed off the anterior facial bones, but 
remained attached to the posterior cranium.  
Figure 4.10. Enclosed terrestrial head sample recovered on day 28. A breach in the 
plastic bag resulted in accelerated decomposition, with the moist tissue still 
adhering to the skull.  
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Figure 4.11. Exposed terrestrial head sample recovered on day 33. Note the dried 
skin with the caving of the eye tissue.  
Figure 4.12. Enclosed terrestrial head sample recovered on day 39. Note the partial 
skeletonization with moist, advanced decomposition of the remaining tissue.  
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Figure 4.13. Enclosed terrestrial head sample recovered on day 39. Note the partial 
skeletonization with moist, advanced decomposition of the remaining tissue.  
Figure 4.14. Enclosed terrestrial head sample recovered on day 39. Note the partial 
skeletonization with moist, advanced decomposition of the remaining tissue.  
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Figure 4.15. Enclosed neonate sample showing a fragile, soft and waterlogged 
abdomen. This exemplified decomposition that deviated from the scoring guide of 
Heaton et al. (2010). 
Figure 4.16. Enclosed neonate sample showing pink tissues with no decomposition 
color changes, and skin slippage away from the cranium. This exemplified 
decomposition that deviated from the scoring guide of Heaton et al. (2010). 
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Figure 4.17. Exposed neonate sample showing commingling of skeletal elements 
within the liquefied tissue. This exemplified decomposition that deviated from 
the scoring guide of Heaton et al. (2010). 
Figure 4.18. Exposed terrestrial head sample devoid of adhering soft tissue. 
This exemplified decomposition that deviated from the scoring guide of Heaton 
et al. (2010). 
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Figure 4.19. Enclosed terrestrial head with soggy white/pinkish tissue. The 
sample was clearly decomposed beyond the fresh stage, but this was not 
reflected in the decomposition descriptions. This exemplified decomposition 
that deviated from the scoring guide of Megyesi et al. (2005) and Moffatt et al.  
(2016). 
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Figure 4.20.  Comparison of the decomposition scores for the exposed/submerged 
neonate samples. The yellow total aquatic decomposition score (TADS) line 
shows that the samples decomposed slowly at first, then rapidly after day 85 (2nd 
recovery). 
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Figure 4.21.  Comparison of the decomposition scores for the enclosed/submerged 
neonate samples. The yellow total aquatic decomposition score (TADS) bar shows 
that the samples decomposed slowly at first, then quickly reached the highest 
TADS (25) after day 85 (second recovery). 
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Figure 4.22.  Comparison of the decomposition scores for the exposed/terrestrial 
head samples. The blue Head/Neck line shows that the heads decomposed at a 
steady rate, with the second, third and fourth recoveries maintaining a consistent 
rate of decomposition. The Torso and Limbs maintained a single score, as they 
were not present to score.  
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Figure 4.23.  Comparison of the decomposition scores for the enclosed/terrestrial 
head samples. The blue Head/Neck line shows that the heads decomposed at a 
steady rate until the fourth recovery when the head samples reached the highest 
decomposition score possible (10) within the timeframe of the study. The Torso 
and Limbs maintained a single score, as they were not present to score. 
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Figure 4.24.  Comparison of the decomposition scores for the exposed/submerged 
head samples. The blue facial aquatic decomposition score (FADS) line shows 
that the heads decomposed at a steady rate until the fourth recovery when the 
head samples reached the highest decomposition score possible (7) within the 
timeframe of the study. The Torso and Limbs maintained a single score, as they 
were not present to score. 
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Figure 4.25.  Comparison of the decomposition scores for the enclosed/submerged 
head samples. The blue facial aquatic decomposition score (FADS) line shows 
that the heads decomposed at a steady rate until the fourth, fifth and sixth 
recoveries where the decomposition plateaued. The Torso and Limbs maintained 
a single score, as they were not present to score. 
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Figure 4.26. Difference between the known ADD and the calculated ADD of the 
enclosed, submerged neonate samples.  For the first two samples, the calculated 
ADD was significantly lower than the known ADD; then the final four samples 
had calculated ADD significantly higher than the known ADD. 
 
Figure 4.27. Difference between the known ADD and the calculated ADD of the 
exposed, submerged neonate samples.  For the first two samples, the calculated 
ADD was significantly lower than the known ADD; then for the final three 
samples, the calculated ADD was significantly higher than the known ADD. 
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Figure 4.28. Difference between the known ADD and the calculated ADD of the 
enclosed, submerged head samples.  The calculated ADD was consistently lower 
than the known ADD. 
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Figure 4.29.  Comparison of the calculated ADD, modified/calculated ADD, and 
the known ADD of the enclosed, submerged head samples.  The relationship 
between the yellow bar and the orange bars show that that method of scoring 
the body/limbs equivocally to the decomposition of the head produces a 
calculated ADD similar to the known ADD for samples 4-6, but as 
decomposition progresses, the calculated ADD is also inaccurate 
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Figure 4.30. Difference between the known ADD and the calculated ADD of the 
exposed, submerged head samples. The calculated ADD was consistently lower 
than the known ADD. 
 
 
 
 
 
 
 
  
85 
Figure 4.31.  Comparison of the calculated ADD, modified/calculated ADD, and 
the known ADD of the exposed, submerged heads samples. The relationship 
between the yellow bar and the orange bar show that the method of scoring the 
body/limbs equivocally to the decomposition of the head did not produce ADD 
similar to the known ADD. 
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Figure 4.32. Difference between the known ADD and the calculated ADD of the 
enclosed, terrestrial head samples.  The calculated ADD was consistently lower 
than the known ADD. 
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Figure 4.33. Comparison of the calculated ADD, modified/calculated ADD, and 
the known ADD of the enclosed, terrestrial head samples.  The relationship 
between the yellow bar and the orange bar show that that method of scoring the 
body/limbs equivocally to the decomposition of the head did not produces a 
calculated ADD similar to the known ADD. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
88 
Figure 4.34 Difference between the known ADD and the calculated ADD of the 
exposed, terrestrial head samples.  The calculated ADD was consistently lower 
than the known ADD. 
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Figure 4.35.  Comparison of the calculated ADD, modified/calculated ADD and 
the known ADD of the exposed, terrestrial head samples.  The relationship 
between the yellow bar and the orange bar show that that method of scoring 
the body/limbs equivocally to the decomposition of the head did not produce a 
calculated ADD similar to the known ADD. 
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Figure 4.36.  Scavenged enclosed neonate sample recovered on day 85. The 
isolated head and it torn mesh laundry bag were recovered on the bottom unit of 
the lobster cage, where a scavenger would have been able to access the remains 
through the mesh wire gaps. 
 
Figure 4.37.  Green frog (Lithobates clamitans) found on the berm near the 
aquatic samples. Green frogs were also found in the cages among the samples.  
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Figure 4.38. Two individual crayfish (Cambarus bartonii) found separately on the 
berm near the aquatic samples. Note the tweezers for scale on the left figure, 
representing a juvenile, while the figure on the right represents an older 
individual.  
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1 TB W N/A N/A N/A N/A 12/2/17 2/24/18 N/A N/A N/A N/A 
5 TB W 4 5 4 13 12/2/17 3/25/18 335.50 113 140.60 -195 
6 TB W 4 2 5 11 12/2/17 4/21/18 569.90 140 77.76 -492 
8 TB W 8 8 9 25 12/2/17 5/20/18 1056.78 169 4906.00 3849 
2 TB W 8 8 9 25 12/2/17 6/12/18 1502.70 193 4906.00 3403 
3 TB W 8 8 9 25 12/2/17 6/12/18 1502.70 193 4906.00 3403 
4 TB W 8 8 9 25 12/2/17 6/12/18 1502.70 193 4906.00 3403 
9 EXP W 2 3 2 7 12/2/17 1/27/18 136.67 57 23.79 -113 
13 EXP W 2 3 3 8 12/2/17 2/24/18 199.67 85 31.99 -168 
10 EXP W 5 6 9 20 12/2/17 3/25/18 335.49 113 1117.00 782 
11 EXP W 8 8 9 25 12/2/17 4/21/18 569.90 140 4906.00 4336 
12 EXP W 8 8 9 25 12/2/17 5/20/18 1056.78 169 4906.00 3849 
Table 4.1. TADS scores and calculated ADD for all neonate samples. 
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1 TB L 2 1 1 4 5/29/18 6/12/18 319.30 15 59 -260 
2 TB L 3 1 1 5 5/29/18 6/17/18 417.99 20 63 -354 
3 TB L 8 1 1 10 5/29/18 6/26/18 600.65 29 103 -497 
4 TB L 10 1 1 12 5/29/18 7/1/18 746.98 34 132 -614 
5 TB L 10 1 1 12 5/29/18 7/7/18 871.76 40 132 -739 
6 TB L 10 1 1 12 5/29/18 7/12/18 984.43 45 132 -852 
1 EXP L 6 1 1 8 5/29/18 6/12/18 319.30 15 83 -236 
2 EXP L 7 1 1 9 5/29/18 6/17/18 417.99 20 92 -325 
3 EXP L 7 1 1 9 5/29/18 6/26/18 600.65 29 92 -508 
4 EXP L 7 1 1 9 5/29/18 7/1/18 746.98 34 92 -654 
5 EXP L 9 1 1 11 5/29/18 7/7/18 871.76 40 116 -755 
6 EXP L 11 1 1 13 5/29/18 7/12/18 984.43 45 151 -833 
5 TB W 1 1 1 3 6/12/18 6/17/18 130.36 6 8.62 -121 
7 TB W 4 1 1 6 6/12/18 6/26/18 338.50 15 17.7 -320 
6 TB W 5 1 1 7 6/12/18 7/1/18 455.85 20 23.79 -432 
8 TB W 6 1 1 8 6/12/18 7/7/18 620.81 26 31.99 -588 
9 TB W 6 1 1 8 6/12/18 7/12/18 747.67 31 31.99 -715 
2 TB W 6 1 1 8 6/12/18 7/17/18 873.41 36 31.99 -841 
1 TB W 7 1 1 9 6/12/18 7/24/18 1043.08 43 43.01 -1000 
3 TB W 6 1 1 8 6/12/18 7/29/18 1171.18 48 31.99 -1139 
4 TB W 7 1 1 9 6/12/18 8/3/18 1298.86 53 43.01 -1255 
1 EXP W 2 1 1 4 6/12/18 6/17/18 130.36 6 9.9 -120 
2 EXP W 3 1 1 5 6/12/18 6/26/18 338.50 15 13.16 -325 
3 EXP W 6 1 1 8 6/12/18 7/1/18 455.85 20 31.99 -423 
4 EXP W 7 1 1 9 6/12/18 7/7/18 620.81 26 43.01 -577 
5 EXP W 7 1 1 9 6/12/18 7/12/18 747.67 31 43.01 -704 
6 EXP W 7 1 1 9 6/12/18 7/17/18 873.41 36 43.01 -830 
7 EXP W 7 1 1 9 6/12/18 7/24/18 1043.08 43 43.01 -1000 
8 EXP W 7 1 1 9 6/12/18 7/29/18 1171.18 48 43.01 -1128 
9 EXP W 7 1 1 9 6/12/18 8/3/18 1298.86 53 43.01 -1255 
Table 4.2. TADS/TBS scores and calculated ADD for all head samples. 
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Isolated Head/Neck 
Exposed/Land 
Modified Description 
5. Fresh  
(0pts) 2. Fresh, no discoloration. 
6. Early 
decomposition 
 
(1pt) 6. Pink-white appearance with skin slippage and 
some hair loss. 
(2pts) 7. Gray to green discoloration: some flesh still 
relatively fresh. 
(3pts) 8. Discoloration and/or brownish shades 
particularly at edges, drying of nose, ears and 
lips. 
(4pts) 9. Purging of decompositional fluid out of eyes, 
ears and nose, mouth, some bloating of neck and 
face may be present. 
(5pts) 10. Brown to black discoloration of flesh, skin is 
visibly dry but not mummified. Skin may show 
damage from insects. 
7. Advanced 
Decomposition  
 
(6pts) 4.  Light brown skin beginning to dry, early 
mummification. Small areas of moist tissue may 
remain.  
(7pts) 5. Dark brown skin, drying of the nose and lips.  
6. Dark brown skin, eye tissue caved in and dry.  
(8pts) 
 
8. Mummification  
 
(9pts) 
 
 
(10pts) 
 
 
(11pts) 
 
(12pts) 
 
5. Mummification with no bone showing. Dry, 
brown skin may beginning to crack or split. 
6. Mummification with less than half of the area 
being scored with exposed bone. Skin may peel 
away to reveal bone in small patches. 
7. Bone exposure of more than half the area being 
scored with desiccated or mummified tissue. 
8. Absence of all soft tissue: bone may be greasy or 
dry. 
Table 4.3. Modified decomposition descriptions for an exposed head on land. 
Underline descriptions indicated modifications, where no underline indicates 
original descriptions developed by Megyesi et al. (2005). 
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Isolated Head/Neck 
Enclosed/Land 
Modified Description 
1. Fresh  
(0pts) 1. Fresh, no discoloration. 
2. Early 
decomposition 
 
(1pt) 1. Pink-white appearance with skin slippage and some 
hair loss. Tissue appears relatively fresh. 
(2pts) 2. Pink/white color persisting, or gray/green 
discoloration: flesh still relatively fresh. 
(3pts) 3. Discoloration and/or yellow/tan shades particularly 
at edges, tissues remain moist and may appear 
soggy.  
(4pts) 4. Purging of decompositional fluid out of eyes, ears 
and nose, mouth, some bloating of neck and face 
may be present. 
(5pts) 5. Caving in of the flesh and tissues of eyes and throat. 
3. Advanced 
Decomposition  
 
(6pts) 1. Moist decomposition with bone exposure less than 
one half that of the area being scored. 
(7pts) 
 
2. Tissue remains moist with bone exposure less than 
one half that of the area being scored. Remaining 
tissue is brown and semi-solid (areas of tissue 
remain firm while other areas have become paste-
like). 
(8pts) 3. Tissue has congealed into a wet paste and is coating 
the skull. Bone exposure of less than half of the area 
being scored. 
4. Skeletonization  
 
(9pts) 
 
 
(10pts) 
 
 
(11pts) 
(12pts) 
 
1. Bone exposure of more than half of the area being 
scored with decomposed tissue remaining in bag. 
2. Bone exposure of more than half the area being 
scored with majority of soft tissue liquefied or 
completely decomposed. 
3. Bones largely dry, but retaining some grease. 
4. Dry bone. 
Table 4.4. Modified decomposition descriptions for an enclosed head on land. 
Underline descriptions indicated modifications, where no underline indicates 
original descriptions developed by Megyesi et al. (2005). 
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Enclosed Neonate 
FADS 
Modified Description 
1 No visible changes. 
2 Slight pink discoloration, darkened lips, goose pimpling. 
3 Reddening of face and neck, marbling visible on face. Skin 
appears waterlogged and soggy. 
4 Bloating of the face, green discoloration, skin beginning to 
slough off. There may be tearing of tissue as the water 
softens it. 
5 Hair and skin sloughing off, exposing bone. Tissues 
beginning to liquefy but remain over 50% of the area being 
scored. 
6 Amount of liquefied tissues greater than 50% of area being 
scored. 
7 Trace amount of soft tissue adhering to cranium, bones 
may be disarticulated from skeleton. There may be 
adipocere formation, but is not necessary to for this score 
8 Complete skeletonization of the cranium and 
disarticulation from the skeleton. There may be adipocere 
formation, but is not necessary to for this score. 
Table 4.5. Modified decomposition FADS descriptions for an enclosed 
submerged neonate. Underline descriptions indicated modifications, where no 
underline indicates original descriptions developed by Heaton et al. (2010). 
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Enclosed Neonate 
BADS 
Modified Description 
1 No visible changes. 
2 Slight pink discoloration, goose pimpling. 
3 Red/purple discoloration of abdomen and upper chest. 
Marbling. Internal organs beginning to 
decompose/autolysis. 
4 Dark red discoloration of abdomen, mild bloating of 
abdomen, initial skin slippage.  
5 Red/purple discoloration, extensive abdominal bloating- 
tense to touch, swollen scrotum in males, skin may split 
superficially. 
6 Tissues beginning to liquefy, body looks very saturated 
and fragile. Bones may begin to appear. 
7 Further loss of tissues and organs, bones exposed. The 
tissue had no recognizable structures and may have bones 
mixed in and protruding. There may be adipocere 
formation, but is not necessary to for this score. 
8 Complete skeletonization and disarticulation. There may 
be adipocere formation, but is not necessary to for this 
score 
Table 4.6. Modified decomposition BADS descriptions for an enclosed 
submerged neonate. Underline descriptions indicated modifications, where no 
underline indicates original descriptions developed by Heaton et al. (2010). 
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Enclosed Neonate 
LADS 
Modified Description 
1 No visible changes. 
2 Skin on palms of hands and/or soles of feet becoming 
white, wrinkled and thickened. Slight pink discoloration 
of arms and legs. 
3 Skin on palms of hands and/or soles of feet becoming 
soggy and loose. Marbling of the limbs-predominately in 
upper arms and legs. 
4 Skin on hands/feet starting to slough off. Yellow/green to 
green/black discoloration on arms and/or legs. Initial skin 
slippage on arms and/or legs. 
5 Degloving of hands and/or feet – exposing large areas of 
underlying muscles and tendons. Sloughing of skin on 
arms and/or legs. 
6 Exposure of bones of hands and/or feet. Tissue of the 
hands may be liquefied at this stage. 
7 Bones of hands and/or feet beginning to disarticulate. 
Bones of upper arms and/or legs becoming exposed.  
8 
 
Bones of the hands/feet and limbs are commingled in a 
mass of unidentifiable soft tissue.  
9 Complete skeletonization and disarticulation of limbs, 
absence of all sloughed soft tissue. 
Table 4.7. Modified decomposition LADS descriptions for an enclosed 
submerged neonate. Underline descriptions indicated modifications, where no 
underline indicates original descriptions developed by Heaton et al. (2010). 
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Exposed Neonate 
FADS 
Modified Description 
1 No visible changes. 
2 Slight pink discoloration, darkened lips, goose pimpling. 
3 Skin appears waterlogged and soggy. Skin may be very 
delicate. 
4 Bloating of the face, tissue can appear still pink, or may 
have black discoloration, skin and hair beginning to slough 
off. 
5 Bone becoming exposed- concentrated over parietal, 
frontal regions. 
6 Bone becoming exposed- concentrated on the mandible 
and maxilla. There may be adipocere formation, but is not 
necessary to for this score. 
7 Skeletonization of cranium, with unidentifiable liquefied 
tissue remaining.  There may be adipocere formation, but 
is not necessary to for this score. 
8 Complete skeletonization of the cranium and 
disarticulation from the skeleton. Absence of all soft 
tissue. There may be adipocere formation, but is not 
necessary to for this score. 
Table 4.8. Modified decomposition FADS descriptions for an exposed submerged 
neonate. Underline descriptions indicated modifications, where no underline 
indicates original descriptions developed by Heaton et al. (2010). 
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Exposed Neonate 
BADS 
Modified Description 
1 No visible changes. 
2 Slight pink discoloration, goose pimpling. 
3 Reddish/purple or yellow/green discoloration of abdomen 
and upper chest. Skin is visibly waterlogged. 
4 Dark green discoloration of abdomen, mild bloating of 
abdomen, initial skin slippage. 
5 Green/purple discoloration, extensive abdominal bloating- 
tense to touch, swollen scrotum in males, exposure of 
underlying fat and tissues. 
6 Tan or dark pink discoloration of abdomen. Skin appears 
delicate and waterlogged. Skin may be intact with no 
organ perforation. 
7 Skeletonization of elements within torso, unidentifiable 
liquefied tissue remaining. There may be adipocere 
formation, but is not necessary to for this score. 
8 Complete skeletonization of the cranium and 
disarticulation from the skeleton. Absence of all soft 
tissue. There may be adipocere formation, but is not 
necessary to for this score. 
Table 4.9. Modified decomposition BADS descriptions for an exposed submerged 
neonate. Underline descriptions indicated modifications, where no underline 
indicates original descriptions developed by Heaton et al. (2010). 
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Exposed Neonate 
LADS 
Modified Description 
1 No visible changes. 
2 Mild wrinkling of the skin on hands and/or feet. Possible 
goose pimpling. 
3 Skin on palms of hands and/or soles of feet becoming 
white, wrinkled and thickened. Slight pink discoloration 
of arms and legs. 
4 Skin on palms of hands and/or soles of feet becoming 
soggy and loose. Marbling of the limbs-predominately in 
upper arms and legs. 
5 Skin on hands/feet starting to slough off. Yellow/green to 
green/black discoloration on arms and/or legs. Initial skin 
slippage on arms and/or legs. 
6 Degloving of hands and/or feet – exposing large areas if 
underlying muscles and tendons. Sloughing of skin on 
arms and/or legs. 
7 Bones of hands and/or feet beginning to disarticulate. 
Bones of upper arms and/or legs becoming exposed. 
8 
 
Bones of the hands/feet and limbs are commingled in a 
mass of unidentifiable soft tissue.  
9 Complete skeletonization and disarticulation of limbs, 
absence of all sloughed soft tissue. 
Table 4.10. Modified decomposition LADS descriptions for an exposed 
submerged neonate. Underline descriptions indicated modifications, where no 
underline indicates original descriptions developed by Heaton et al. (2010). 
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Enclosed Isolated Head 
FADS 
Modified Description 
1 No visible changes. 
2 Slight pink discoloration, darkened lips, goose pimpling. 
3 Skin may appear light pink/white or reddish. Skin may 
have patches of black/purple discoloration.  
4 Head hair beginning to slough off mostly at the front. 
Brain softening and becoming liquefied. Tissue appears 
very waterlogged and slimy, may be sloughing off in 
chunks. 
5 Bone becoming exposed concentrated over the orbital, 
frontal, and parietal regions. Some on the mandible and 
maxilla. Tissue beginning to develop a crumbly texture 
(similar to cottage cheese). 
6 Bone becoming exposed concentrated over the maxilla 
and mandible regions. Tissue remaining appears 
waterlogged and may be white/pink in color. 
7 Skull is devoid of all soft tissue, with remaining sloughed 
off tissue remaining. 
8 Skull is devoid of all soft tissue, with no soft tissue 
remaining. 
Table 4.11. Modified decomposition FADS descriptions for an enclosed 
submerged head. Underline descriptions indicated modifications, where no 
underline indicates original descriptions developed by Heaton et al. (2010). 
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Exposed Isolated Head 
FADS 
Modified Description 
1 No visible changes. 
2 Slight pink discoloration, darkened lips, goose pimpling. 
3 Reddening of face and neck, marbling visible on face. 
Possible early signs of animal activity/predation 
concentrated on the ears, nose and lips. 
4 Bloating of the face, green discoloration, and skin 
beginning to slough off. 
5 Bone becoming exposed concentrated over the orbital, 
frontal, and parietal regions. Some on the mandible and 
maxilla. Tissue is very waterlogged and beginning to 
breakdown.  
6 Bone becoming exposed concentrated over the maxilla 
and mandible regions. Tissue remaining appears 
waterlogged and may be white/pink in color. Tissue from 
different facial regions commingled in one mass. 
7 Skull is devoid of all soft tissue, with remaining sloughed 
off tissue remaining (not yet decomposed). 
8 Skull is devoid of all soft tissue, with all soft tissue 
decomposed. 
Table 4.12. Modified decomposition FADS descriptions for an exposed 
submerged head. Underline descriptions indicated modifications, where no 
underline indicates original descriptions developed by Heaton et al. (2010). 
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DISCUSSION  
  The results of the present study were inconsistent with previous research (Donno 
et al. 2014; Heaton et al. 2010; Humphreys et al. 2013; Pakosh and Rogers 2009; Payne 
and King 1972), which found that submergence of remains prolonged the decomposition 
due to the protective barrier water creates from insects and most scavengers.  The present 
study found there were no significant differences between the TBS score and subsequent 
ADD calculation of the enclosed/exposed neonate samples.  This indicates that the 
decomposition was accelerated by the aquatic environment, and while there was a visible 
difference in the rate of decomposition, it was not a statistically significant one.  
 
Cold Weather Decomposition  
 The neonate sample was frozen prior to use in the present study, and then placed 
in cold, occasionally frozen water.  The mean water temperature in December 2017 was 
3.3°C, while January 2018 and February 2018 the mean water temperature was 0.97°C 
and 2.82°C, respectively. This constant cooling of the neonate samples for the first 113 
days of the study led to a delay in the initial decomposition changes, then after the water 
temperatures increased (average water temperature for March 2018 was 5.59°C), 
decomposition was rapid.  The neonate samples reaching the greatest TADS score of 25 
after 113 days for the enclosed samples, and 140 days for the exposed samples.  This was 
consistent with the findings of Micozzi (1986), who found that the freeze-thaw of 
carcasses produces less external decomposition, but extensive and rapid internal 
decomposition.  
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 The head samples were also frozen prior to use in the present study; however, 
these samples were allowed to decompose in the warmer summer months (average water 
temperature for June 2018 was 20.8°C, average ambient temperature for June 2018 was 
also 20.8°C).  The submerged heads experience delayed decomposition, then rapid 
decomposition in the form of sloughing the soft tissue from the skull.  The tissues were 
visibly waterlogged but did not show typical characteristics of advanced decomposition 
(dark discoloration, bloating, etc.).  Instead, the tissues for all submerged head samples 
remained a pale pinkish/white color, even after they had sloughed from the skull.  There 
is a lack of research on previously frozen decapitated heads decomposed in an aquatic 
environment, so there is no direct comparison to know if this ‘maceration’ style 
sloughing of the soft tissue is common.  However, the decomposition pattern of delayed 
visual decomposition followed by sudden acceleration of decay is also supported by the 
findings of Micozzi (1986).  
 
Implications of Present Study 
 The results of the present study reveal several factors that should be considered in 
future study.  First, decomposition studies with small samples sizes should be interpreted 
with caution, as it is difficult to make significant claims based on a limited amount of 
data points.  The present study was no exception: while the results of the paired sample t-
test are acceptable and easy to interpret, the results of the ANOVA are more difficult to 
interpret.  For the results of the ANOVA to indicate that decomposition was no different 
between submerged/terrestrial samples, enclosed/exposed samples is perplexing, it was 
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obvious from the actual decomposition that there are differences in the decomposition 
rates of enclosed and exposed samples.  Enclosed samples remained articulated for a 
longer period of time, whereas the exposed samples disarticulated/skeletonized quicker 
compared to the enclosed samples. Furthermore, the exposed samples showed extensive 
sloughing of all tissue, something not seen in the enclosed samples until the later stages 
of decomposition.  The observations would seem to indicate a differential decomposition 
pattern between enclosed/exposed and submerged/terrestrial samples, despite the results 
of the ANOVA. 
The most reasonable explanation is the sensitivity of the ANOVA with small 
sample sizes, as well as the lack of neonate enclosed/exposed terrestrial samples for 
comparison.  The present study elected to bypass terrestrial remains to maximize the 
aquatic samples.  There are many decomposition studies documenting terrestrial decay, 
and it was decided that efforts would be better spent documenting the decomposition of 
submerged samples.  Future research would benefit from a large sample size 
incorporating both submerged enclosed/exposed neonate samples, and terrestrial 
enclosed/exposed neonate samples.  
 While the results of the ANOVA are contradictory to most of the hypotheses of 
the present study, the paired sample t-tests offered significant findings that were 
consistent with the hypotheses.  The statistically significant value of p< 0.008 for 
neonate/submerged calculated ADD versus known ADD indicates that the decomposition 
scoring descriptions cannot be accurately applied to neonate remains submerged in water; 
the decomposition score will be inaccurate, thus producing an incorrect TADS score, 
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resulting in an inaccurate ADD calculation, which then produces an incorrect PMSI 
estimate.  If the decomposition cannot be accurately scored, then the entire PMSI 
estimation will be inaccurate, which has significant implications in the forensic 
community. The statistically significant value of p < 0.001 for the calculated ADD 
compared to the known ADD of the head/submerged samples indicates that the 
decomposition scoring descriptions are inaccurate when applied to only the head region.   
 The statistically significant value of p< 0.001 for the calculated ADD compared to 
the known ADD of head/terrestrial samples indicates the decomposition scoring 
descriptions are inaccurate when applied to head, with no other body regions present, 
which would increase the TBS value.  This demonstrated a need for the best approach to 
scoring an isolated head and applying that value to the linear regression model, which 
factors in the total body decomposition.  In an attempt to solve the problem of inaccurate 
decomposition scores, inaccurate ADD calculations and incorrect PMI/PMSI estimate, 
modified description of the original Megyesi et al. (2005) and Heaton et al. (2010) were 
developed (see previous chapter). 
 The modified scoring guides provide alternate descriptions, specifically designed 
to score the decomposition of submerged enclosed and exposed neonates, submerged 
enclosed and exposed decapitated heads, and terrestrial enclosed and exposed decapitated 
heads.  The scoring descriptions were a cumulative representation of the decomposition 
changes observed throughout the present study.  The greatest deviation from the original 
scoring guides was found in the later decomposition changes.  The samples in the present 
study either liquefied (neonates) or sloughed their tissue from the skull (heads), 
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presenting a unique set of decomposition characteristics.  These new scoring descriptions 
should be used with their same associated ADD calculations, and applied to these specific 
situations (a neonate in water, enclosed or exposed; or a decapitated head found in water, 
or on land, either exposed or enclosed).  These modified scoring guides best fit the 
decomposition observed during the study and as such, are only applicable for these 
specific categories of remains.  
 A significant implication of the results of the present study involves the Daubert 
standards of evidence.  The methods employed by a forensic anthropologist must be 
reproducible, with known/acceptable error rates and be generally accepted by the 
discipline (Christensen 2004; Christensen and Crowder 2009; Daubert v. Merrell Dow 
Pharmaceuticals, Inc.).  The current application of ADD calculation methods based on 
decomposition scores, to estimate the PMSI/PMI of neonate-sized remains, or decapitated 
human adult-sized pig heads do not hold up to the Daubert standards.  Scoring the 
decomposition of neonate-sized remains or isolated heads produces an inaccurate, 
TBS/TADS, which results in an inaccurate ADD calculation, which produces an incorrect 
PMI/PMSI estimation.  If the forensic anthropologist comments on the PMI of a set of 
remains, he or she needs to base their estimation on scientific, credible methods that 
would hold up to scrutiny in court.  Further testing of the modified decomposition scoring 
guides is necessary to prove its applicability in similar environments.  If the scoring 
methods provided an accurate score, the TBS/TADS future research, it would be a step 
towards having an accurate PMI/PMSI estimation techniques for neonates and 
decapitated heads.  The estimation of the PMI/PMSI of a set of remains is a critical 
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component of the forensic anthropologist’s analysis, and one that occurs commonly.  The 
field is long overdue in producing a consistent, accurate, quantitative method for 
assessing the PMI/PMSI of remains.  
 
Limitations  
 The most significant limitation to the study was the sample size.  Operating within 
budgetary constraints limits the samples size, as is a common problem among most 
decomposition studies.  The neonate sample consisted of eleven individuals, while the 
head sample consisted of thirty heads.  This may have restricted the results of the 
ANOVA analysis and subsequent interpretations.  A second limitation was the frequency 
of neonate sample recoveries. Due to the limited sample size, recovery intervals were 
increased to allow for a longer submergence period.  One visit every three weeks may 
have allowed decomposition changes to occur unnoticed.  Future research would benefit 
from weekly visits during the cold months, and every one to two days during the warmer 
months to account for decomposition occurring during shorter intervals.  
 
110 
CONCLUSIONS 
In forensic research, there are no shortages of modifications and/or limitations of 
the ADD system first proposed by Megyesi et al. (2005).  Previous studies have modified 
the point system and linear regression model (Moffatt et al. 2016); modified the scoring 
to accommodate for aquatic decomposition (Heaton et al. 2010; Humphreys et al. 2014); 
and have established the low accuracy of the method (Wescott et al. 2018).  The present 
study adds to this body of research by further restricting the application of estimating the 
PMI/PMSI from ADD calculations produced by decomposition scoring guides, as well as 
providing modified decomposition descriptions for submerged neonate samples (enclosed 
and exposed) and terrestrial and submerged decapitated heads (enclosed and exposed). 
The present study confirmed the low accuracy of the method; however, the method 
should not be abandoned.  Modification of the scoring guides for specific conditions of 
remains and environments would allow for better PMI/PMSI estimation in different 
locations.   
The original decomposition scoring methods should not be applied to neonate-
sized remains, nor isolated heads.  However, with the addition of the modified 
decomposition scoring descriptions, the remains can be more accurately scored as the 
decomposition changes now have corresponding point values that will better represent 
the remains.  It is unsurprising that the system developed to assess decomposition values 
of whole-bodied, adult humans (Heaton et al. 2010; Megyesi et al. 2005; Moffat et al. 
2016) does not seamlessly apply to samples of neonate-size, or to isolated adult human-
sized crania.  Further research is necessary to test the modified decomposition scoring 
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guides on different smaller-bodied remains and isolated heads in similar environments.  
The scarcity of human neonate/infant/juvenile human donations makes establishing 
reliable methods for human remains difficult.  While fetal pigs have been deemed 
acceptable analogs for human decomposition (Anderson and Bell 2014; Humphrey et al. 
2013; Notter et al. 2009; Roberts and Dabbs 2015) the anatomical differences are still 
problematic (i.e., bipedal vs quadrupedal; presence of hooves, body region size, etc.); 
thus, the decomposition standards developed from animal models will always be less 
accurate than standards developed with human subjects.  
The present research is believed to be the first to test the applicability of the ADD 
calculations for estimating the PMI/PMSI of neonate-sized remains and decapitated 
heads.  Scholl and Moffatt (2017) examined the decomposition rate of disarticulated adult 
pigs, separated into the head, torso and limbs.  However, their inclusion of the torso and 
limbs differed from the current research.  No guidelines exist on the application of the 
Megyesi et al. (2005) or Heaton et al. (2010) scoring systems to any set of remains that 
are not a whole, adult human body.  Therefore, the present research offers new 
decomposition descriptions that may be used in future research, and further tested for 
accuracy when estimating the PMI/PMSI.   
The current research takes the first step in the process of developing reliable 
descriptions: establishing that the original terrestrial decomposition and aquatic 
decomposition scoring guides are not applicable was the first step.  The next step was to 
remedy the problem by using the decomposition patterns observed in the present study as 
references for the unique pattern of decomposition that neonate-sized remains and 
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decapitated heads undergo.  Further research should be conducted on the decomposition 
process of neonates to document additional decomposition patterns and characteristics 
occur in neonate-sized remains (Archer 2009) and decapitated heads.  
One aspect of the current research that should be investigated further would be to 
develop modified linear regression formulae specific for scoring partial-body remains 
(i.e., dismembered body regions).  Two methods of scoring the decomposition of the 
isolated head samples (submerged/terrestrial and enclosed/exposed) were utilized, and 
both were found to produce inaccurate ADD calculations.  The first method was to score 
only the head and leave the body/limbs scores both at a one point (fresh).  This produced 
a drastically lower ADD and a PMI/PMSI estimation.  The second method was to score 
the decomposition of the heads, then approximate the body/limbs decomposition score 
based equivocally on the head description.  This produced an overall higher ADD, which 
way as in accurate as the first method, but in the opposite direction.  This indicates that 
both methods of improvising the body/limbs scores are inaccurate and further research is 
necessary.  
 Future research would benefit from the observation of the decomposition of 
dismembered samples.  This would allow each body region to be scored independently, 
for comparison of the different rates/characteristics of decomposition.  This would allow 
for modified descriptions of dismembered torsos and limbs, in conjunction with the 
modified head scores provided by the present research.  There is a lack in protocol for 
assessing the decomposition of dismembered remains, which should be addressed so that 
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incorrect improvisations are not attempted, which would produce an inaccurate 
PMI/PMSI estimation. 
Further decomposition research is also needed in cold weather climates.  The 
neonate samples decomposed slower initially, then decomposed and disarticulated rapidly 
once temperatures maintained warmer levels.  This unique pattern of decomposition has 
been addressed by few studies (Bunch 2009; Micozzi 1986;1997); however, there 
remains a lack of understanding of how cold weather affects decomposition and how to 
modify the PMI/PMSI estimate when the remains in question have been exposed to a 
cold environments.  Research on cold weather decomposition is negligible, and as a 
result, the discipline is unable to provide its practitioners with tested, reliable methods for 
assessing the PMI/PMSI of remains found during the cold months.  
This research represents decomposition in an eastern Massachusetts climate, a 
specific region with its own unique microclimates and unique weather patterns.  The 
results of this study are applicable to regions with a similar climate (Dfa); however, they 
are not broadly useful across areas with a climate different from eastern Massachusetts, 
or the rest of the United States.  One issue raised with decomposition-based PMI/PMSI 
estimation methods, is that each method is highly specific to a particular region and/or 
climate. The present research is applicable in a lotic freshwater environment, in a climate 
that had snow, full humidity and hot summers.  Forensic anthropology methods would 
benefit from future research on applying decomposition scoring descriptions and 
regression models that are either universal, or are applicable to several climates. Until 
research is conducted and this goal is achieved, climate-specific decomposition guides 
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are the best option for estimating the PMI/PMSI.  It is critical that when evaluating the 
decomposition, that the correct descriptions for the specific category of remains and the 
regional climate are used.  
Interestingly, the samples never developed adipocere, even though it is a common 
artifact of decomposition in moist environments.  While the temperature of the water 
and/or plastic trash bag may not have been conducive for bacterial growth, the length of 
the study was the most likely reason for a lack of adipocere. Kahana et al. (1999) 
documented adipocere formation on bodies submerged for 433 days, while Ubelaker and 
Zarenko (2011) discuss adipocere formation taking several weeks to form.  Additionally, 
the neonate samples had very little body fat, and perhaps there was not enough to 
hydrolyze into adipocere.  The heads were the most likely to form adiopocere, and yet 
they did not.   
Often, the closest estimation for a PMI is a wide interval consisting of months to 
years, which is just broad enough to be of little to no use for law enforcement.  The 
standards set forth by the Daubert court case demand that forensic anthropologists use 
statistically sound, reliable and precise methods; meaning that all research needs to 
produce statistically derived results with known error rates and are generally accepted as 
an accurate method.  It is often difficult to produce a generalized, accurate model with 
limited sample sized, and/or no access to human models.  
With further research into the effect of cold weather, neonate-sized remains, 
isolated adult human-sized heads, enclosed remains, submerged remains, and 
enclosed/submerged remains have on the process, speed, and pattern of decomposition 
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will allow the field of forensic anthropology to develop and refine methods that will 
accurately and efficiently estimate the PMI/PMSI.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
116 
APPENDIX 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Univariate Analysis of Variance 
Dependent Variable:   ADD_Diff   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 57461985.734a 5 11492397.147 9.555 .000 
Intercept 6116623.608 1 6116623.608 5.085 .030 
Fetal 49259136.539 1 49259136.539 40.954 .000 
Trashbag 314788.834 1 314788.834 .262 .612 
Water 177912.672 1 177912.672 .148 .703 
Fetal * Trashbag 419205.469 1 419205.469 .349 .559 
Fetal * Water .000 0 . . . 
Trashbag * Water 40.139 1 40.139 .000 .995 
Fetal * Trashbag * Water .000 0 . . . 
Error 42097210.022 35 1202777.429   
Total 99729186.000 41    
Corrected Total 99559195.756 40    
a. R Squared = .577 (Adjusted R Squared = .517) 
Table A.1. The results of the ANOVA testing for significant interactions between 
neonates/heads, terrestrial/submerged, and exposed/enclosed.  The interaction 
between neonate and head samples decomposition rates was the only statistically 
significant p-value. 
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Tests of Between-Subjects Effects 
Dependent Variable:   ADD_Diff   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 56971961.593a 3 18990653.864 16.499 .000 
Intercept 11993309.275 1 11993309.275 10.420 .003 
Fetal 50053455.625 1 50053455.625 43.487 .000 
Trashbag 168414.167 1 168414.167 .146 .704 
Water 177912.672 1 177912.672 .155 .696 
Error 42587234.163 37 1151006.329   
Total 99729186.000 41    
Corrected Total 99559195.756 40    
a. R Squared = .572 (Adjusted R Squared = .538) 
Table A.2. The results of the ANOVA examining the main effects for the 
difference in ADD between calculated and known for significant interactions 
between neonates/heads, terrestrial/submerged, and exposed/enclosed.  The 
interaction between neonate and head samples decomposition rates was the only 
statistically significant p-value. 
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Table A.4. The results of the paired sample t-test relationship between the 
calculated ADD and the known ADD for submerged neonates. P < 0.008 
indicates statistical significance. 
 
 
 
 
Tests of Between-Subjects Effects 
Dependent Variable:   Calc_ADD   
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Corrected Model 61417781.468a 3 20472593.823 12.965 .000 
      
Intercept 47979331.102 1 47979331.102 30.383 .000 
Fetal 51827771.976 1 51827771.976 32.821 .000 
Trashbag 880320.563 1 880320.563 .557 .460 
Water 37169.442 1 37169.442 .024 .879 
Error 58427654.250 37 1579125.791   
Total 145848118.737 41    
Corrected Total 119845435.718 40    
a. R Squared = .512 (Adjusted R Squared = .473) 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 
1 
Calc_ADD - 
Known_ADD 
2005.30
136 
1997.001
55 
602.1186
2 
663.6974
7 
3346.9052
6 
3.330 10 .008 
   
T-Test                                Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Calc_ADD 2802.4673 11 2435.07820 734.20370 
Known_ADD 797.1659 11 543.22987 163.78997 
Table A.3. The results of the ANOVA examining the main effects for the 
calculated ADD for significant interactions between neonates/heads, 
terrestrial/submerged, and exposed/enclosed.  The interaction between neonate 
and head samples decomposition rates was the only statistically significant p-
value. 
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Table A.6. The results of the paired sample t-test examining the relationship 
between the calculated ADD and known ADD for terrestrial heads.  P < 0.000 
indicates statistical significance. 
 
 
 
 
 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 
1 
Calc_ADD - 
Known_ADD 
-
710.126
67 
370.9642
3 
87.43711 -
894.60284 
-
525.65049 
-8.122 17 .000 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Calc_ADD 32.0667 18 12.44176 2.93255 
Known_ADD 742.1933 18 381.28830 89.87051 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Calc_ADD & Known_ADD 12 .890 .000 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 
1 
Calc_ADD - 
Known_ADD 
-
552.934
460 
221.6224
5 
63.97689 -
693.74679 
-
412.12241 
- 
8.643 
11 .000 
   
Table A.5. The results of the paired sample t-test examining the relationship 
between the calculated ADD and known ADD for submerged heads.  P < 0.000 
indicates statistical significance. 
120 
Table A.7. The results of the paired sample t-test examining intraobserver error.  
P >0.05 indicates agreement of scoring and there are no statistical differences 
between scores. 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Calc_ADD 796.3741 41 1730.93498 270.32663 
BIAS_CHECKNewADD 716.9529 41 1614.05065 252.07236 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Calc_ADD & BIAS_CHECKNewADD 41 .966 .000 
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Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Calc_ADD 60.8067 30 41.14144 7.51136 
MODIF_Heads_ADD 1027.7473 30 917.29656 167.47467 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 
1 
Calc_ADD - 
MODIF_Heads_A
DD 
-
966.940
67 
902.0581
7 
164.69254 -
1303.7747
2 
-
630.10661 
-5.871 29 .000 
Table A.8. The results of the paired sample t-test examining the relationship 
between the modified calculated ADD and calculated ADD for head samples.      
P < 0.000 indicates statistical significance. 
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Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 
1 
Known_ADD - 
MODIF_Heads_
ADD 
-
319.690
83 
714.7472
5 
130.4944
0 
-
586.5818
4 
-52.79982 -2.450 29 .021 
   
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Known_ADD 708.0565 30 331.94624 60.60481 
MODIF_Heads_ADD 1027.7473 30 917.29656 167.47467 
Table A.9. The results of the paired sample t-test examining the relationship 
between the modified calculated ADD and known ADD for head samples.       
P < 0.021 indicates statistical significance. 
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